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NvuMEROUsS references to bundle branch block in medical literature, 
as well as critical discussions, are available in the excellent mono- 
graphs by Wahlin,“ Mahaim," and Yater.'? In spite of much 
experimental work,!*-!8.15.16 there is still extant a belief that there is 
a difference between the electrocardiographic picture produced by 
a lesion of a bundle branch in a dog or cat and that produced by 
disease in man. Yater,!” for instance, writes (p. 2): “This differ- 
ence is explained by the differences in the anatomic course of the 
left bundle branch, the axis and position of the heart, the shape of 
the heart, and the thickness of the two ventricles.” 

If one dissects the ventricular muscle bundles of various species 
commonly used in physiologic studies, the arrangement is found to 
be very similar in dogs, cats, rabbits and monkeys; and this, in 
turn, is similar to that found in pigs, cattle and sheep. Much of 
our supposed knowledge of the conducting system is that obtained 
from study of ungulate hearts. 

Because of these anatomic similarities in various families of mam- 
mals, it seemed necessary to reinvestigate the question of localiza- 
tion of branch bundle block, which in laboratory animals is said to 
be different from that of man, due to supposed anatomic dissimi- 
larities. 

* Supported by a grant from the Hendricks Research Fund of Syracuse University 
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Method. Twelve animals (dogs, cats, and rabbits) were anesthetized 
with soluble pentobarbital, artificial respiration instituted, the thorax 
opened and the pericardium slit. A superficial stitch, taken through fat 
and epicardium at the apex, anchored it to the chest wall to prevent shift 
of the anatomic axis. Three standard limb leads were recorded simulta- 
neously on research galvanometers built by the Cambridge Instrument 
Company, the technique being the same as for clinical electrocardiography. 
After a control foul was taken, first a part, e. g., either the anterior or 
the posterior section, and later all of the free wall (7. e., not including the 
septal portion) of one or other ventricle was completely removed. If we 
applied M/5 solution of potassium chloride to the exposed septal surface, 
conduction through the exposed bundle branch could be eliminated. Finally 
the free wall of the opposite ventricle was removed, leaving the isolated 
septum alone with but one of its sides visibly contracting. No effort was 
made to control hemorrhage. Some of the blood was taken up with cotton 
pledgets, and later clots were removed. To our surprise, hemorrhage was 
not excessive, and in view of the absence of both coronary and systemic 
circulation, the survival time of the unloaded heart in such preparations was 
sometimes '20 to 30 minutes (average, 15). We wish to stress that only the 
narrow posterior edge of the heart was in direct contact with the medias- 
tinum, since the supporting stitch maintained the normal position of the 
septum. Hence the cardiac surface in contact with other tissues decreased 
as the experiment proceeded. 


A 


B ' Cc D 
\ 
1 a | \ \ l \ 
cs 
2 
’ a 
3 
i J 
Fig. 1.—Left branch bundle block and left axis deviation produced in absence 
of left ventricle. In all records 1 mv. = 1 cm. Heavy time lines = 0.1 second. 
Three standard limb leads from a rabbit: A, Normal control;.B, after the anterior 


wall of left ventricle is cut away; C, after all the rest of the left ventricular wall is 
cut off; D, later, right ventricle still beating regularly. 


Results. Observations, which were similar in all species studied, 
are best presented by reproduction of the electrocardiograms them- 
selves. Figure 1 shows the progressive changes when the entire 
free left ventricular wall was removed. Figure 2 shows the effect 
of removing the right ventricular free wall and applying M/5 KCl 
to the right septal surface in (A) a rabbit, (B) a dog, and (C) a cat. 
Figure 3 demonstrates the effect of removing free walls of both 
ventricles and later applying M/5 KCl to the right septal surface. 
One must remember that more than one variable is at hand in this 
type of experiment. Anoxemia and cooling play a part as well as 
removal of areas. Hence it is obligatory to employ simultaneous 
recording to make certain that all external conditions are exactly 
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alike for each lead at a given instant. When anoxemia affects the 
whole heart, fibrillation is prone to occur. In septal preparations, 
terminal fibrillation is uncommon. 

Discussion. ‘The earlier German investigators, Sir Thomas 
Lewis,'® and more recently Nahum, Kisch, Hoff, and Kaufman," 
have stated that the normal electrocardiogram was a summation of 
one dextro- and one levo-cardiogram derived from the respective 
ventricular surfaces. The latter group have also stated that Lead 1 
is a summation of anterior left and posterior right ventricular forces, 
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Fig. 2.—Right bundle branch block and right axis deviation in the absence of the 
right ventricle. Three standard leads of (A) rabbit, (B) dog, and (C) cat, taken 
after removal of the entire right ventricular wall, before (left column) and after 
(right column) application of M/5 KCl to the exposed right side of septum. Note 
that these changes in the S-T are independent of rhythm. 


Lead 3 a summation of posterior left and anterior right. Certainly 
this cannot be the explanation of either Lead 1 or Lead 3 when 
anterior and posterior surfaces of both ventricles are entirely re- 
moved. In neither ventricle of mammals does removal of the ante- 
rior wall produce the same change as does removal of the posterior 
wall (see Fig. 4). Furthermore, it is difficult to understand how the 
S-T of Leads 2 and 3 (right column, Fig. 2) could be elevated by 
effects from the right ventricle posteriorly when in our experiments its 
whole free wall is cut away and the right septum treated with M/5 KCl. 
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It is usually accepted that an action current in the main bundle 
does not record on the standard leads. (See Bazett,? p. 284; Ash- 
man,” p. 62.) It is not specifically stated whether action currents 
in the bundle branches per se influence the electrocardiogram or 
whether interruption of these pathways influences the electrocardio- 
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Fic. 3.—Isolated septum. Standard limb leads from a rabbit: A, Control; B, 
after removal of right posterior ventricular wall; C, after removal of whole free right 
ventricular wall; (D) removal of posterior left wall; (#) removal of rest of left ventricle. 
Only the auricles and septum remain and these are beating regularly and coérdi- 
nately. F, After application of M/5 KCl to the right septal surface; G, same as F 


but much later. Line drawings show portions of heart present when each record 
was taken. 


gram by preventing the excitation of the lateral muscle masses. 
If one removes all of both ventricular wails and the contracting 
septum alone remains, a complete electrocardiogram is obtained 
whose amplitude is greater than that of the control record. 

The widening of QRS found in branch bundle block by earlier 
authors (e. g., Lewis) was explained by supposing that there was 
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rapid transmission along the conducting tissue of the uninjured 
side followed by circuitous transmission va ventricular muscle back 
to the injured side. Obviously, the great widening of QRS seen in 
Figure 1 cannot be so explained. That anoxemia is the cause of 
only a part of the slowing seems probable, as the S—T is often greatly 
widened when there is little or no P-R prolongation (Fig. 1B, 
Fig. 2B and Fig. 3C and E); if A—-V conduction is unaltered, why 
should septal conduction be affected by this same condition? 

It has been stated by Cardwell and Abramson‘ (also DeWitt’ and 
King®) that the upper septum does not receive primary branches 
from the main bundle of the conducting system but that on the 
right side the Purkinje fibers pass to the apex along the moderator 
band, then turn back again toward the base to supply both the free 
walls and the septum. Others, Curran,’ Cohn,’ Mahaim," have 
described a supply to the septum from higher levels of the right 














Fic. 4.—A, Three standard leads from a rabbit in which the anterior wall of the 
right ventricle only had been removed. 3B, Same in another rabbit where the poste- 
rior wall of the right ventricle only had been removed. C, Same in a third rabbit 
where the anterior wall of the left ventricle only had been removed. D, Same in a 
fourth rabbit where the posterior wall of the left ventricle only had been removed. 


branch. Cardwell and Abramson do describe septal subdivisions of 
the left crus and add: “.... one of the larger fasciculi may even 
arise from the posterior or anterior papillary division rather than 
from the main left crus.” 

DeWitt’ writes in regard to the left branch: “About 2 mm. 
beyond the point of division the posterior branch gives off 2 long 
slender branches to the septal wall which anastomose with branches 
from a septal branch of the anterior division to form a septal plexus 
(p. 484-5)... . The septal wall of the left ventricle both between 
the papillee and where it curves around behind the papille is covered 
by a network of Purkinje fibers, similar to the network described 
on the papille and formed by the anastomosing subdivisions of 
septal branches of the anterior and posterior divisions of the main 
limb which have already been described.” 

. occasional small branches pass back from the anterior and 
posterior papillary plexuses to the septum and join with the septal 
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branches to form the septal plexus. The plexus described covers 
well the septal surface to the level of the branching of the main left 
limb and even sends some fine filaments higher on the septal surface.” 

Thus on the right side of the heart several authors state that the 
main bundle and the right crus give off no basal septal branches, but 
believe that the septum is activated from recurrent branches. On 
the left, DeWitt seems to describe mainly recurrent branches, while 
Cardwell and Abramson describe both direct septal supply from the 
left crus and recurrent papillary and septal fibers from the plexuses 
on the walls. 

We find both sides of the isolated septum in three families of 
mammals contracting coédrdinately, following an S—-A rhythm, 
although any recurrent pathways curving back from the papillary 
muscles would have been interrupted by removal of the right and 
left lateral walls. When KCl is applied to one side of the exposed 
septum, records similar to those diagnosed clinically as complete 
branch bundle block appear which are discordant and which agree 
with the American terminology. Failure to control all conduction 
to one side of the heart is probably the explanation of the confusion 
in the literature as to localization of branch bundle block in labora- 
tory animals. 

Conclusions. 1. In order to record a QRS-T complex, the pres- 
ence of the “free’’ (2. e., non-septal) walls of either (or both) right 
or left ventricles is unnecessary. 

2. Not even the right side of the septum depends entirely for 
its excitation on conduction pathways which first reach the papillary 
muscles at the apices and then turn back. It contracts with a nor- 
mal S-A rhythm when such pathways are interrupted by the total 
ablation of the “free’’ portions of both right and left ventricles, 
i. €., impulses are conducted from the main branches directly to 
the septum. 

3. These experiments have not proven definitely whether the 
electrocardiograms recorded from the isolated septum are due to 
excitation of the septal muscle alone or whether action currents 
passing in the right and left branches (whose peripheral expansions 
were amputated) also produce some effect. 

4. Not only does electrical activity of the free wall of each ven- 
tricle affect the electrocardiogram, but various portions of each 
wall have a characteristic effect. 

5. These experiments do not support the theory that an electro- 
cardiogram is summation of only one dextro-and one levocardiogram. 

6. That the amplitude of deflections increases when the contact 
surface of the heart diminishes suggests that normally there is con- 
siderable neutralization of current. 

7. So-called “axis deviation” appears when less rather than 
more of a given ventricle is present. Hence it appears to be due to 
loss of electrical components, with consequent change in the alge- 
braic sum. 
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8. Laboratory animals, dogs, cats and rabbits, conform to the 
newer or American terminology for bundle branch block; 2. e., when 
the right side of the heart is anatomically and functionally absent, 
there is a deep wide S, and a tall wide QRS;. The reverse is true 
for anatomic and functional absence of the whole left ventricle. 
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Acute right-sided bacterial endocarditis is admittedly rare both 
clinically and pathologically. An autopsy done at Jewish Hospital 
on a case of pneumococcic tricuspid valvulitis prompted us to deter- 
mine the frequency of tricuspid involvement, and to review the 
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autopsy records of the Philadelphia General Hospital.* A search 
of the literature revealed a marked difference of opinion concerning 
the incidence of tricuspid valve infection. 

Osler,’ in 1885, stated that the right heart was rarely infected 
alone and reported tricuspid involvement in only 5 of 200 cases of 
malignant endocarditis. Preble® stated in 1904 that 8.5% of all 
cases of pneumococcic endocarditis were limited to the tricuspid 
valve. Horder' reviewed 118 necropsies of infective endocarditis, 








Fig. 1—Note the granular, strawberry-like vegetation having a broad base on the 
tricuspid valve. (Jeff. Hosp. Mus. NA530; Phila. Gen. Hosp. No. 25000.) 


finding none restricted to the tricuspid valve. Many of these earlier 
reports probably included cases of subacute bacterial endocarditis, 
for prior to Libman’s’ investigation in 1910, no division between the 
acute and subacute forms was made. Libman stressed the advisa- 
bility of maintaining a distinction between the two forms, even 
though a sharp dividing line was not always possible. Thayer"-” 


* We wish to thank Dr. Jefferson W. Clark, Director of the Laboratory of the 
Philadelphia General Hospital, for his permission to review the records. 
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in 1926 found only 2 of 362 cases were limited to the tricuspid valve, 
but in 1932 reported right-sided involvement in 10 of 185 cases of 
acute bacterial endocarditis. Phipps* in 1932 reported 44 cases of 
acute bacterial (non-pneumococcal) endocarditis of which 3 involved 
the tricuspid valve aione. Among 23 cases of pneumococcic endo- 
carditis at the Massachusetts General Hospital, Lord* found lesions 
restricted to the right heart in 3 cases. Ruegsegger'® reported 
19 cases, an incidence of 2.9%, of acute pneumococcice endocarditis 


Fic. 2.—Several elongated, pedunculated vegetations project from each of the tri- 
cuspid leaflets into the right ventricle. (Jeff. Hosp. Mus. NA530; Phila. Gen. Hosp. 
No. 25000.) 


among 665 cases of pneumococcic infection. One case of tricuspid 
and | of aortic and tricuspid involvement occurred in the 15 cases 
of acute pneumococcic bacterial endocarditis that came to autopsy. 
In contrast to the above reports, Libman** stated that 27% of his 
cases of bacterial endocarditis involved the right heart. 

Our own studies were taken from the autopsy records of the 
Philadelphia General Hospital from January 1, 1920, to December 
31, 1940. Among 26,007 autopsies, there were 646 cases of acute 
bacterial endocarditis, an incidence of 2.5%. 
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In Table 1 are listed the number and percentage of cases involving 
the different valves. The mitral valve was by far the commonest 
seat of acute bacterial involvement with the aortic valve next. 
Only 20 cases (3%) were limited to the tricuspid valve and 5 cases 
(0.8%) to the pulmonic valve. If we include those cases in which 
the tricuspid and pulmonic valves were affected in association with 
left-sided endocarditis, vegetations in the right chambers of the 
heart were present in 53 cases (8.2%). 


TABLE 1.—INVOLVEMENT OF VALVES IN AcuTE BACTERIAL ENDOCARDITIS (ALL 
TYPES OF ORGANISMS). 


No. 
ee REO Sate ee ee PP Ne eS 
pO SE ok ee ES | 
Dee eer Vervee 
SS ee oe ee a a 20 
Mitral and tricuspid valves ....... . 10 
Aortic, mitral and tricuspid valves 
Pulmonic valve, alone 
Aortic and tricuspid valves ; 

Mitral, pulmonic and tricuspid valves 
Mitral, aortic, tricuspid, pulmonic valves 


S| 


prebewhuwae 


EI er gre se Syl 100.0 


Preble® and others?:'* have pointed out that the pneumococcus 
attacked the tricuspid valve more frequently than other organisms. 
We therefore determined how often the tricuspid valve was affected 
in lobar pneumonia. 

Of the 26,007 cases autopsied, 1041 were cases of lobar pneumonia. 
Sixty-two (5.9%) of these revealed acute bacterial endocarditis. 
This approximates the figures of Lord® (4.15%) and of Preble,® who 
stated that 1% of all pneumococcic pneumonias and 5% of all fatal 
cases had acute pneumococcic endocarditis. 


TABLE 2.—INVOLVEMENT OF VALVES IN Fatat AcuTE PNEuMococciIc BACTERIAL 
ENDOCARDITIS. 


No. %. 
ee a nS en ee 23 37. 
DE PE MO ah ARS WL 18 
‘Traste -Vaive; S108) = ¢ 14. 
Mitral and aortic valves 
Aortic and tricuspid valves 
Mitral, aortic, tricuspid, pulmonic valy es 
Mitral, aortic, tricuspid valves 
Mitral, pulmonic, tricuspid valves 


oe wees See a Eee bf abtincy 62 100.0 


In Table 2 are listed the various valves involved in pneumonia. 
Of the 20 cases previously mentioned in which the tricuspid valve 
was involved alone, 9 (45%) were due to the pneumococcus. It 
appears that the pneumococcus attacks the tricuspid valve more 
frequently than other organisms. If we separate the cases of pneu- 
mococcic endocarditis from the group as a whole, we find that 9 of 
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62 cases of pneumococcic endocarditis or 14.5% occurred on the 
tricuspid valve alone, but only 11 of 584 (1.8%) of all other cases of 
acute bacterial endocarditis were restricted to the tricuspid valve. 

As much as the records permitted, we reviewed the 20 cases of 
tricuspid endocarditis (Table 3). One thing that impressed us par- 
ticularly was the unreliability of physical findings upon cardiac 
auscultation. In but 8 of the 20 cases was mention made of any 
murmur being heard, and in none of these was it heard specifically 
over the tricuspid area. Of the 8 cases, 4 had systolic murmurs over 
the mitral or apical area, in 2 double mitral murmurs were heard, 
and 2 exhibited aortic murmurs. 


TasLe 3.—AcuTE BacTERIAL ENDOCARDITIS OF TRICUSPID VALVE ALONE. 
Primary disease. : Auscultatory phenomena. 
. Septicemia 
2. Pneumonia 
3. Lobar pneumonia 
. Lobar pneumonia 
. Postpartum sepsis 
). Lobar pneumonia 
. Lobar pneumonia 
. Suppurative prostatitis eR BR 
. Bronchopneumonia — . Double mitral murmur 
. Streptococcic septicemia . . . . Apical systolic murmur 
. Lobar pneumonia 
2. Erysipelas 
3. Puerperal sepsis 
. No diagnosis 
. Bronchopneumonia 
3. Lobar pneumonia sg, + ob 
. No diagnosis . . . . . . . Double mitral murmur 
. Nodiagnosis . . . . . . . Mitral systolic and double aortic 


murmurs 
. Lobar pneumonia 


. Staphylococcic septicemia 


Keefer,? Preble,® and others'* have mentioned that physical 
signs of acute bacterial endocarditis may be lacking. Most authors 
attribute this to the fulminating course of the disease. One of us 
(S. B.) has recently studied 2 cases of acute bacterial endocarditis, 
| due to pneumococcus Type VII involvement of the tricuspid valve, 
and the other streptococcus hemolyticus infection of the mitral 
valve. Both patients died after 5 weeks and were examined post- 
mortem. Despite the fact that the diagnosis was made clinically 
and these patients were repeatedly examined for auscultatory cardiac 
changes, no murmurs were heard. Figures 1 and 2 are photographs 
of 2 cases of acute bacterial endocarditis of the tricuspid valve. 
They indicate how large these vegetations may be without producing 
cardiac murmurs. 

The etiology and pathogenesis of cardiac murmurs is still a very 
fertile field for investigation. Most observers feel that acute bac- 
terial endocarditis is frequently apt to strike valves that have not 
heen the seat of previous inflammatory processes. If that is the case, 
it may be that the amount of damage to the chorde tendinee and 
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valve itself is of more importance in the production of murmurs, 
than the size or location of the vegetations. We would like to 
emphasize the fact that absence of auscultatory changes should not 
eliminate a diagnosis of bacterial endocarditis. From our experience, 
the continuance of a positive blood culture in pneumonia longer 
than a week should make one suspect the presence of acute bacterial 
endocarditis. 

Summary. 1. In 26,007 necropsies there were 646 cases of acute 
bacterial endocarditis, an incidence of 2.5%. 

2. The mitral valve, singly, was most frequently involved (47.6%), 
followed by the aortic valve, singly, (25.4%), mitral and aortic 
(18.7%), and tricuspid, singly, (3.1%). 

3. Lesions were limited to the tricuspid valve in 20 cases, an inci- 
dence of 3% of acute bacterial endocarditis and 1 out of 1300 autop- 
sies. 

4, Right-sided bacterial endocarditis occurred in 8.2% of the 
cases. 

5. Lesions involved the tricuspid valve alone in 9 of the 62 cases 
of pneumococcic bacterial endocarditis (14.5%). 

6. The lack of diagnostic auscultatory findings in acute bacterial 
endocarditis of the tricuspid valve is emphasized. 
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THE INCIDENCE OF ACUTE AND SUBACUTE BACTERIAL 
ENDOCARDITIS IN CONGENITAL HEART DISEASE. 


By Raymonp GetrMan, M.D., 
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AND 
SAMUEL A. Levine, M.D., 


ASSISTANT PROFESSOR OF MEDICINE, 
BOSTON, MASS. 


(From the Medical Clinic of the Peter Bent Brigham Hospital and the Department 
of Medicine, Harvard Medical School.) 

THE outstanding work of Maude Abbott on congenital heart 

disease during the past 25 years has greatly clarified the diagnostic 

features of the individual cardiac anomalies, and made it less neces- 
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sary to resort to the general term “congenital heart disease.” Other 
investigators have thus been stimulated to submit case studies and 
statistical analyses that have cast considerable light on their course, 
prognosis and complications. Recently, the encouraging results 
obtained through the surgical treatment of patent ductus arteriosus 
and the hope of thereby decreasing the frequency of fatal complica- 
tions have also served to attract increasing attention to a field of 
medicine that was long regarded as rather futile from the standpoint 
of therapy. 

This study is concerned primarily with one phase of this broad 
subject, namely, the incidence of acute and subacute bacterial endo- 
carditis and endarteritis in hearts that are the sites of congenital 
defects. We are not discussing the embryology and pathologic 
anatomy of the cardiac anomalies, nor the clinical and diagnostic 
features of the various defects, as these points have been adequately 
covered by Abbott? and numerous other investigators. '?:* 2.37.40 

The prognosis in congenita¥ heart disease appears to depend on 
the direct effect of the structural defect and the subsequent oxygen 
unsaturation in the blood.’® Abnormal shunts of blood through 
anomalous communications and stenotic orifices constitute a heavy 
load for the heart and in time may lead to hypertrophy, dilatation, 
and loss of cardiac reserve." 

{n addition, the vulnerability of even slight congenital cardiac 
defects to bacterial endocarditis is notorious, especially in adoles- 
cence and early adult life. Paget,” in 1844, was among the first 
to stress the importance of defective or erroneous development in a 
heart as predisposing to inflammatory disease. This observation 
was subsequently corroborated by Osler in 1886, by Horder'® in 
1909, by Lewis and Grant* in 1922, and by Abbott and her 
contemporaries.!® 

The development of bacterial endocarditis or endarteritis on the 
margins of or adjacent to a congenital cardiac defect comprises one 
of the most serious hazards to the patient with this disease. The - 
presence of local deformities or tissue changes and the influence 
of mechanical strain and trauma, as, for example, malformed cusps, 
deformed valves, patent ductus arteriosus, and interventricular sep- 
tal defects,!*.8 give rise to areas of fibrosis and sclerosis which offer 
sites of lowered resistance for the lodgment and growth of virulent 
organisms.® 

Material.—This report is based on a study of necropsied cases with con- 
genital cardiac defects in the following Boston hospitals, during the years 
indicated: 1, the Peter Bent Brigham Hospital, 1913 to 1940; 2, the Boston 
City Hospital, 1896 to July 1, 1941; 3, the Massachusetts General Hospital, 
1897 to August 1, 1941; and, 4, the Infants’ and Childrens’ Hospitals, 1915 
to 1940. In the protocols reviewed special attention was paid to: 1, sex; 
2, age at time of death; 3, type of cardiac defect or defects; 4, evidence of 


superimposed rheumatic infection; and, 5, the presence of acute or sub- 
acute bacterial endocarditis or endarteritis. 
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All cases were included that had significant cardiac anomalies, whether 
or not they occurred in combination or alone, or if they were of primary 
or secondary importance. However, no case was listed if the single defect 
was either: 1, a patent foramen ovale under 1 year of age, unless it was 
1 cm. or more in diameter, and completely or partially undefended to allow 
true admixture of venous and arterial blood;?* or, 2, a patent ductus arteri- 
osus before the first postnatal month, unless the patency was abnormally 
wide;* or, 3, anomalies of the coronary arteries, anomalies of the aorta or its 
branches, or the pulmonary arteries, or the great veins; or, 4, fenestrations 
of the semilunar cusps. 

In addition, two separate groups of statistics were made, and will be 
referred to as Group A and Group B, as follows: A, all types of significant 
congenital cardiac defects regardless of age; and, B, only cases over 2 years 
of age and with defects actually vulnerable to the subsequent development 
of bacterial endocarditis. Thus, in Group B, dextrocardia, congenital 
rhabdomyomata, hypertrophy, heart block, and the like, were eliminated. 


Results. ‘Table 1 shows the collected data on the principal items 
investigated at each hospital and the corresponding totals. 


TABLE 1.—Data From 5 Hosp!rats. 


P.B.B.H. B.C.H. M.G.H. Child H. Totals. 
Total number autopsies . . . 4400 15,638 10,085 3900 34,023 
Autopsies C.H.D., Group A*¥ 33 82 215 453 
Autopsies C.H.D., Group Bt 55 181 
Autopsy % C.H.D., Group A 0.8 1.3 
Autopsy % C.H.D., Group B 0.5 0.5 
B.E. directly on C.H.D., A . 9 35 
B.E. directly on C.H.D.,B . S 30 
% B.E. in C.H.D., Group A 10.9 : 6.6 
% B.E. in C.H.D., Group B 14.5 id 16.6 
Rheumatic infection in C.H.D. . 10 : 25 
B.E. solely on rheumatic site 5 
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Key to abbreviations: 
P.B.B.H.—Peter Bent Brigham Hospital, 1913-1940. 
B.C.H.—Boston City Hospital, 1896-1941, July 1. 
M.G.H.— Massachusetts General Hospital, 1897-1941, Aug. 1. 
Child. H.—Infants’ and Childrens’ Hospitals, 1915-1940. 
(all in Boston) 
C.H.D.—Congenital cardiac defects. 
B.E.—Bacterial endocarditis and endarteritis, acute and subacute. 


* Group A, all types of significant congenital cardiac defects, all ages. 
+ Group B, cardiac defects, only over 2 years of age, and vulnerable to the develop- 
ment of bacterial endocarditis. 


Congenital cardiac defects were present in 1.33% of the total 
autopsy population (453 out of 34,023 cases), but only 0.5% were 
over 2 years of age (181 cases). The higher incidence in Group A 
was to be expected, as 60% of this group was under the age of 
2 years, for the more serious and more frequent complex lesions are 
usually fatal early in life. 

The incidence of superimposed bacterial endocarditis and endar- 
teritis was 6.6% in Group A (35 of 453 cases) and 16.6% in Group B 
(30 of 181 cases). Inasmuch as infectious endocarditis occurs but 
rarely below the age of 2 years, its higher incidence in Group B is 
obvious. These results are comparable to those reported by previ- 
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ous investigators (Table 2). The wide range of figures in this table 
may be accounted for partly by the variability of the criteria used in 
statistical studies. As pointed out by Roberts, these factors include: 
|, the actual meaning of proportion: whether it is the number of 
cases of congenital heart defects per 1000 autopsies or deaths or 
admissions; 2, the variation according to the relative size of the age 
groups serving as a basis for the data: congenital heart disease is 
much less frequent over 2 years of age; and, 3, the influence of the 
degree of interest among clinicians and pathologists.*" 


TABLE 2.—INcIDENCE OF BacTERIAL ENpocarpITIs AMONG CONGENITAL CARDIAC 

Derscts, aS Founp aT Necropsy, From THE LITERATURE. 
B.E. in 
Total C.H.D., C.H.D., 

Author autopsies. autopsies. %C.H.D. autopsies. 

Abbott, M.E.4. . . . 3633 43 1.2 

Abbott, Mi. as. tc) tlicttes 656 

De La Chapelle’? . . . 8683 31* 

Philpott, N. W.2° . . . 7240 80 

Terplan and Sanes* .. 336 21f 

Ash and Harshaw’?. . . 1075 34t 

Rannels and Propst®® . . 4255 36 

Jacobius and Moore®® . . 1600 131 


* Major types of congenital cardiac defects only. 
+ Infants and children over 12 years of age only. 


Sex Distribution. There were 245 (54%) males among the total 
group of 453 cases of significant congenital cardiac defects, and 


208 (46%) were females. In Group B, the proportion was 60% 
males to 40% females, a ratio of 3 to 2. This same distribution 
of the sexes held true among the 35 patients with superimposed 
infectious processes. The predominance of the male sex in congeni- 
tal heart disease both with and without bacterial endocarditis has 
been borne out by the majority of previous reports (Table 3). 


TABLE 3.—Sex DISTRIBUTION IN Cases OF CONGENITAL CARDIAC DEFECTS, 
FRoM THE LITERATURE. 


C.H.D. 
Author autopsies. % male. % female. 


Ao SE eee ee ae 58 .4 41.6 
Lech GHB nico ena ceo See 61.0 39.0 
Terplan and Sanes** Eas OR ' 21* 57.1 42.9 
Jacobius and Moore® .. . . . . Wl 48.1 51.9 
Rannels and Propst®® AK ae 36 61.1 38.9 
Gibson and Clifton™ Aatiey ils, 128 AR 59.0 41.0 


* Infants and children under 12 years of age only. 


Age Distribution.. Of the patients, 269 (60%) died before the age 
of 2; 5 of these had developed bacterial endocarditis. For the 
remaining 184, no predominance was shown in any one age group; 
but of the 30 who had superimposed inflammatory processes, 80% 
died before the age of 40. The average age at death for patients 
with cardiac anomalies in Group B was 37 years, and for those with 
complicating infectious endocarditis, it was 22 years in Group A 
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and 26 years in Group B. The highest incidence of bacterial endo- 
carditis in congenital hearts fell in the second and third decades. 

Of the 5 patients under 2 years of age who developed acute bac- 
terial endocarditis, 3 lesions were on the site of a congenital pulmonic 
stenosis, 1 of which was part of a tetralogy of Fallot, and 2 were on 
margins of or adjacent to a defect in the interventricular septum. 
The youngest of the entire group was a 3 week old baby girl, with 
bacterial endocarditis on an interventricular septal defect. The 
oldest patient to have a cardiac defect the site of a superimposed 
infectious process was a 62 year old man with a congenital bicuspid 
aortic valve. 

Rheumatic Infection. At this point, we should like to consider 
briefly the incidence of rheumatic infection in congenital heart dis- 
ease. Acquired rheumatic heart disease appears to be fairly com- 
mon among congenital cardiacs who reach adult life. This apparent 
predilection has been noted to be true especially of congenital bicus- 
pid aortic valves and of interauricular septal defects. 

The incidence of rheumatic infection in hearts with congenital 
bicuspid aortic valves has been variously reported as between 16% 
and 44%,'*?! and that in hearts with interauricular septal defects 
as about 13%." Lutembacher” in 1916 described a defect of the 
interauricular septum associated with mitral stenosis, a combina- 
tion that has since been referred to as Lutembacher’s syndrome. 

In the present series of 181 hearts with congenital defects, 25 
(14%) had superimposed rheumatic infection. The nature of the 
cardiac defect was as follows: congenital bicuspid aortic valve in 
8 cases (15% of the 52 instances of this defect) ; interauricular septal 
defect in 5, 2 of which were considered true Lutembacher examples; 
interventricular septal defect, 4-cusped aortic valve, coarctation of 
the aorta, and accessory septa, in 2 each; and patent ductus arteri- 
osus, bicuspid pulmonic valve, congenital pulmonic stenosis, and 
tetralogy of Fallot in 1 each. 

Subacute bacterial endocarditis was present in 8 of these 25 hearts, 
and in 5 was solely on the site of the rheumatic lesion. 

Significant Types of Congenital Defects. The total number of the 
most significant types of congenital cardiac defects, as found in all 
four hospitals investigated, is listed in the order of their frequency, 
together with the incidence of superimposed infectious processes 
(Table 4). Several of these defects will now be considered in greater 
detail. 

Interauricular Septal Defects. The most common of all congenital 
cardiac abnormalities was a defect in the interauricular septum. 
It was present in 40% of all hearts reviewed and in 25% of those 
over 2 years of age. In 85% to 90% of the cases, it was associated 
with other defects. Its relation to rheumatic infection has been 
indicated above. 

Of the 179 times this defect occurred, it was as a persistent ostium 
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secundum, including a widely patent foramen ovale 1 cm. or more 
in diameter, in 140 of them; as a persistent ostium primum in 20; 
as multiple defects in 9; and as the complete absence of the septum 
in 10. There were no instances of bacterial endocarditis complicat- 
ing an interauricular septal defect. This was significant consider- 
ing that 45 were over 2 years of age. 

Rokitansky® in 1875 gave the first complete description of this 
defect. Excellent recent reviews have been contributed by Roess- 
ler*® in 1934, and by Bedford, Papp and Parkinson® in 1941. In 
these reports, too, the incidence of superimposed bacterial endo- 
carditis is extremely rare. 


TaBLeE 4.—CoONGENITAL Heart DIsEAsE IN ALL 4 HospiTats, Wit INCIDENCE 
oF BacTERIAL ENDOCARDITIS. 
Group A. Group B. 


ee ee 


Type of defect. C.H.D. B.E. % B.E. C.H.D. 
Interauricular septal defects . 179 0 45 0 
Interventricular septal defects 164 17 31 13 
Patent ductus arteriosus . 134 4 14 4 
Congen. bicuspid aortic valve 63 11 52 11 
Congen. pulmonic stenosis. 43 8 17 5 
Coarctation of aorta . . . 33 1 10 1 
Congen. bicuspid pulmonic 

valve en ae a I gre a 21 
Congen. pulmonary atresia . 15 
Cor triloculare biatriatum _ . 13 
Congen. aortic stenosis .. 11 
Congen. tricuspid stenosis. 9 
Congen. mitral stenosis ._. 7 
Congen. subaortic stenosis. 2 
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14 57.1 
7 2 28 .6 


Interventricular Septal Defects. Next in order of frequency was 
a defect of the interventricular septum, usually at the base of the 
heart, immediately posterior to the aortic valve. It was present in 
0.48% of all autopsies and in 36% of congenital hearts. One-fifth 
of the latter cases were over the age of 2 years. 

The frequent finding of vegetations on the margins of the defect 
in the interventricular septum and on the area of endocardial 
fibrosis at the point of contact of the blood stream on the wall of the 
right ventricle opposite the septal defect illustrate the importance 
ot foci of mechanical stress.*: 

Acute or subacute bacterial endocarditis was present in 17 (10%) 
of the total of 164 hearts showing an interventricular septal defect; 
but in only 6 cases was the infectious process superimposed directly 
on the site of the defect. In the group of patients over 2 years of 
age, bacterial endocarditis was present in 13 (42%) of the 31 hearts 
with this defect, yet in only 5 (16%) was it directly on the septal 
defect. In the remainder of each group, the underlying site often 
included the tricuspid valve. 
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The name of Roger* is associated with uncomplicated localized 
interventricular septal defect. The incidence of bacterial endo- 
carditis in Roger’s disease was 23% in patients of all ages and 57% 
in those over 2 years of age. 

Patent Ductus Arteriosus. The ductus arteriosus completes its 
useful functions at birth and normally becomes obliterated by the 
end of the first postnatal month.* Although it may remain open 
as a compensatory bypass for obstruction of the pulmonic or aortic 
valves, patency of the ductus constitutes an arteriovenous shunt 
from the descending aorta to the pulmonary artery, and thus diverts 
blood from the peripheral circulation. 

The flow of blood through the patent ductus arteriosus and against 
the wall of the pulmonary artery opposite to the ductal opening 
gives rise to local intimal thickening and the formation of atheroma- 
tous plaques at these sites.*® These atheromatous areas tend to 
attract platelet thrombi which in turn become infected by organisms 
circulating in the blood stream and produce vegetations. In addi- 
tion to the ductus and the pulmonary artery, infectious processes 
are very apt to involve the aortic and pulmonic valves. In fact 
by the time the 4 cases of bacterial endocarditis with patent ductus 
in the present series were examined postmortem the vegetations in 
each instance had spread beyond the ductus to other parts of the 
heart. 

There were 134 instances of this defect, an incidence of 0.39% 
of all autopsies, and of 30% among congenital cardiac defects. 
Only 14 (10%) of these were over the age of 2 years, 4 (28.6%) of 
which had bacterial endarteritis or endocarditis. Ten of the 14 
cases were uncomplicated. The nature of the complicating defects 
in the other 4 was: tetralogy of Fallot in 2, bicuspid semilunar 
valves and coarctation of the aorta in 1 each. The defect was 
present in patients of every age group and the oldest was 65 years; 
yet 50% died in the second and third decades. Two of the 10 un- 
complicated cases had superimposed infectious processes. Both of 
these were between 20 and 30 years of age. The susceptibility of 
patients with patent ductus to bacterial endocarditis and endar- 
teritis may partly explain why the uncomplicated defect is relatively 
less frequent in older individuals.* 

Recently a more optimistic attitude has prevailed toward the life 
expectancy of patients with uncomplicated patent ductus arteriosus, 
since Gross and Hubbard," in 1938, reported the first successful liga- 
tion of this defect. The purposes of this operation are threefold: 
1, to relieve the cardiac strain and thus to avert future cardiac failure 
by diminishing the total work of the heart; 2, to prevent retardation 
of mental and physical development which otherwise may result 
from decreased output through the aorta; and, 3, to diminish the 
incidence of superimposed bacterial endarteritis and endocarditis." 
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At the present time, it is generally agreed by workers in this field 
that one can hardly foretell whether ligation of a patent ductus will 
actually diminish the incidence of bacterial endarteritis. It appears 
reasonable to believe, however, that if operation is performed early 
enough in life before thickened endocardial plaques are formed in 
the pulmonary artery, the possibilities of future superimposed infec- 
tious processes might be thwarted. 

Congenital Bicuspid Aortic Valve. The macroscopic criteria used 
to determine the congenital nature of the bicuspid aortic valve 
were first clearly defined by Sir William Osler* in 1886. It was not 
until 1923 that the classic work of Lewis and Grant microscopically 
differentiated between the congenital and acquired lesions by noting 
the distribution of the elastic tissue of the aortic media and its 
relation to the annulus fibrosus.” 

Gross,'* in 1937, injected an element of doubt into the true ante- 
natal character of uncomplicated bicuspid aortic valve in adults 
by maintaining that the fused commissural raphé in these cases to 
be usually the result of acquired disease, frequently rheumatic in 
type. Koletsky,”! in his recent review, however, was not able to 
confirm Gross’ contentions. Koletsky makes use of the original 
observations of Osler and of Lewis and Grant in pointing out that the 
differentiation of congenital and acquired fusion still depends on the 
gross and microscopic character of the congenital ridge and of the 
acquired commissural raphé. It is obvious that with confusion in 
pathologic interpretation accurate statistics of incidence cannot be 
available. 

The incidence of congenital bicuspid aortic valve in the general 
autopsy population was 1.5% in the present series. Among con- 
genital cardiac defects of all ages, it was 13.9% and in Group B, 
28.7%. Eighty per cent of the cases with this defect were uncom- 
plicated, all over the age of 2. Of the associated anomalies, coarc- 
tation of the aorta and patent ductus arteriosus were the most 
frequent. The high incidence of uncomplicated lesions in adults 
may be due to the failure of infants and children with ccéxisting 
cardiac abnormalities to survive. 

Congenital bicuspid aortic valve is not in itself of serious import, 
but its clinical significance is greatly increased by its tendency to 
undergo sclerotic processes and thus provide a nidus for the invasion 
of infective agents. Bacterial endocarditis was present in 17.4% of 
all cases of the defect in our series and in 21% of those in Group B. 
The incidence of this complication in the literature”!** ranges from 
6% to 66% with that reported by Lewis and Grant as 23%. 

Tetralogy of Fallot. In this anomaly (stenosis of the pulmonic 
valve, interventricular septal defect, dextraposition of the aorta, 
and hypertrophy of the right ventricle) the cusps of the stenosed 
pulmonic valve and the margins of the septal defect constitute 
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potential foci for eventual sclerosis, which in turn is predisposed to 
infectious processes. The incidence of the tetralogy of Fallot among 
congenital cardiac defects was 3.8% in Group B. Bacterial endo- 
carditis was present as a complication in 12.5% of all such cases and 
in 29% of those in Group B. 

Congenital pulmonic stenosis, not a part of the tetralogy of Fallot, 
both with and without a defect in the interventricular septum, was 
present in 9.5% of all cardiac anomalies. Infectious processes 
supervened in 19% of all cases of congenital pulmonic stenosis and 
in 29% of these cases in Group B. 

As it is not the purpose of this paper to discuss all the different 
types of congenital cardiac defects, those anomalies that were not 
the sites of acute or subacute bacterial endocarditis or endarteritis 
in sufficient numbers will not be considered in further detail. 
Suffice it. to say that, at the present time, of those congenital heart 
lesions predisposed to bacterial endocarditis, the most promising 
from the point of view of prevention or cure are cases of patent duc- 
tus arteriosus and possibly interventricular septal defects. It is 
along these lines that we may expect further outstanding contribu- 
tions in the near future. 

Summary. The protocols of four Boston hospitals were reviewed 
to determine the incidence of acute and subacute bacterial endo- 
carditis and endarteritis among congenital cardiac defects. Special 
attention was paid to sex, age at time of death, type of cardiac 
defect and superimposed rheumatic infection. 

In 34,023 autopsies, 453 (1.3%) contained significant congenital 
cardiac defects, 181 of which (40% of the 453) were in patients over 
the age of 2 years. 

Evidence of bacterial endocarditis was present in 6.5% of the 
453 cases and in 16.5% of the 181 cases over 2 years of age. 

The distribution of males and females was in a proportion of 
3 to 2 in both the total group with cardiac defects and in those who 
showed infectious endocarditis. 

Sixty per cent of the patients died before the age of 2 years. For 
the rest, no predominance was shown in any one age group. The 
highest incidence of bacterial endocarditis fell in the second and 
third decades. 

Twenty-five (14%) of the 181 hearts with congenital defects were 
further complicated by rheumatic infection. Congenital bicuspid. 
aortic valve and interauricular septal defects were the most frequent 
underlying cardiac anomalies, and subacute bacterial endocarditis 
was present in 8 of these 25 rheumatic hearts. 

The incidence of bacterial endocarditis in the most significant 
cardiac defects was as follows: interauricular septal defects, none; 
interventricular septal defects, 42% of all and 57% of the uncom- 
plicated cases over 2 years of age; patent ductus arteriosus, 28.6% 
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of all and 20% of the uncomplicated cases over 2 years of age; 
bicuspid valves, 17.4% of all and 21% of those over 2 years of age; 
tetralogy of Fallot, 12.5% of all and 29% of those over 2 years of 
age; pulmonic stenosis, 19% of all and 29% of those over 2 years 
of age. 


We would like to express our appreciation to the Pathology Departments of the 
Boston City Hospital, the Massachusetts General Hospital, and the Infants’ and 
Childrens’ Hospitals for permission to review their autopsy records. 
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Tue use of Furmethide (furfuryl-trimethyl-ammonium iodide) in 
the treatment of paralysis of the bladder has recently been studied.’ 
Furmethide is closely related chemically to mecholyl, doryl, acetyl- 
choline and muscarine, all of which strongly influence cardiovascular 
function. It was therefore thought to be essential to study the 
action of Furmethide on the cardiovascular system, in order to 
determine the dosages which are safe and comfortable for use in 
man. Other investigators have reported observations on a small 
number of patients of the effects on the cardiovascular system of 
from 1 to 6 mg. administered subcutaneously?* and from 5 to 
20 mg. administered by mouth.* In the present study, the effects 
of these and larger doses have been studied more extensively in a 
larger number of subjects. 


Material and Methods. Thirty-two experiments were done on 29 sub- 
jects, varying in age from 15 to 55 years; 14 were men. None had cardio- 
vascular, pulmonary or gastro-intestinal disease. All studies were made 
with the subjects in the semirecumbent position several hours after the 
last meal; the subjects rested for at least 15 minutes before the start of the 
experiment. Measurements of blood pressure, pulse and respiratory rates, 
and in some cases of venous pressure, were then made and repeated until 
constant. The drug was then given subcutaneously, or. orally in the form 
of tablets; in a few instances Furmethide was dissolved before oral adminis- 
tration to facilitate absorption from the intestinal tract. Of the subjects 
receiving Furmethide parenterally, 5 received 3 mg.; 6 received 5 mg.; 
4 received 7 mg.; 5 received 10 mg.; 1 received 20 mg. Of the subjects 
receiving the drug orally, 4 received 10 mg.; 5 received 25 mg.; 1 received 
35 mg. 

When Furmethide was given subcutaneously, the pulse rate and venous 
and arterial blood pressures were measured every minute, and an electro- 
cardiogram was taken every 5 minutes; observations of respiratory rate 
and oral temperatures were also made from time to time. When the drug 
was given orally, pulse rates and arterial blood pressures were measured 
every 5 to 15 minutes, at which time an electrocardiogram was also taken. 
Signs and symptoms of side reactions were noted when they occurred. 


Observations. Pulse Rate. Tachycardia occurred in all but 2 of 
the patients receiving the drug parenterally, the maximal rise in 


* This investigation was aided by a grant from the Smith, Kline and French 
Laboratories, Inc. 
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pulse rate varying between 10 and 40 beats per minute (Figs. 1, 2 
3, 4). The tachycardia began within 2 minutes after the adminis- 
tration of the drug, reached its maximum within 5 minutes, and was 
maintained to some extent for as long as 60 minutes in some in- 
stances, although usually the pulse rate returned to normal in 
30 minutes. The amount of rise in pulse rate was somewhat greater 
with large doses, but not in ratio to the increment of dosage. 

No changes in pulse rate occurred during periods of observation 
as long as 2 hours in patients receiving the drug orally. 

Systolic Blood Pressure. A fall of systolic blood pressure was 
observed in 18 of the 21 patients receiving the drug parenterally 
(Figs. 1, 2, 3, 4). In these cases the decrease began within 1 to 
3 minutes after the administration of the drug, reached its maxi- 
mum within 5 minutes and disappeared within 5 to 45 minutes; in 
all instances but 1 in which the fall was more than 15 mm. of mer- 
cury, normal levels were reached within 10 minutes. The amount 
of maximal decrease ranged between 10 and 40 mm.; it was greater 
than 15 mm. in only 6 of the 18 instances, being more than 20 mm. 
in only 2. In 12 cases the fall in systolic pressure was followed by 
a rise above the control level. In 2 cases no fall of systolic pressure 
occurred, and in 1 case a rise was observed from the very time of 
injection. Although more marked depression of the blood pressure 
was usually seen with larger doses of the drug, this was not a con- 
stant finding. The only instance in which a rise of systolic pressure 
without a fall at any time occurred in a patient receiving 10 mg. 
subcutaneously. 

No patients receiving the drug orally showed any change in 
systolic pressure. 

Diastolic Blood Pressure. In patients receiving the drug by 
injection, a fall of diastolic pressure occurred within the first 3 min- 
utes of the experiment; the maximum fall was noted shortly after the 
maximal fall of the systolic pressure, and the diastolic pressure 
returned toward normal at a much slower rate than the systolic, 
often remaining somewhat depressed up to 45 minutes after the 
administration of the drug (Figs. 1, 2, 3, 4). The maximal fall in 
diastolic blood pressure was between 10 and 35 mm.; it was greater 
than 20 mm. in only 6 instances. 

Patients receiving the drug orally showed no change in diastolic 
blood pressure. 

Venous Pressure. The venous pressure was measured in 8 patients 
receiving the drug by injection (Figs. 1, 2, 3, 4). In all cases a rise 
of venous pressure was observed | to 3 minutes after the adminis- 
tration of the drug. The rise reached a maximum within 5 to 
20) minutes and returned to the control level within 40 minutes of 
the beginning of the experiment. The maximal rise in venous 
pressure was between 0.5 and 5.5 em. of water. The variations in 
venous pressure appeared to be related to the degree of flushing 





336 BONDY, ALTSCHULE: THE ACTION OF FURMETHIDE 


shown by the patient rather than the variations in arterial blood 
pressure. 

Electrocardvograms. In no case were changes in the P-R interval 
or the form of the T wave noted. Tachycardia was a constant 
occurrence; however, the P—R interval did not become significantly 
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Fic. 1.—The effect of subcutaneous injection of 3 mg. of Furmethide. 
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Fic. 2.—The effect of subcutaneous injection of 5 mg. of Furmethide. 
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shortened even when the heart rate increased strikingly. Extra- 
systoles, both ventricular and auricular in origin, were seen in 
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Fic. 3.—The effect of subcutaneous injection of 7 mg. of Furmethide. 
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Fic. 4.—The effect of subcutaneous injection of 10 mg. of Furmethide. 
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several patients. In no case was their incidence during the period 
of action of the drug higher than during the control period. 

Capillaries of the Skin. In patients receiving the drug by injec- 
tion, flushing and a subjective feeling of warmth were observed 1 to 
2 minutes after the beginning of the experiment. The reaction 
reached a peak at approximately 5 minutes and disappeared within 
10 to 30 minutes after injection. As noted above, the onset and 
severity of the flush were paralleled by changes in venous pressure. 

Patients receiving the drug orally failed to show any capillary 
response during the first hour of observation. In 1 patient receiving 
10 mg. dissolved in water after a fast of 18 hours, mild vasodilatation 
occurred after 1 hour. No other patients receiving 10 mg. orally 
showed evidence of reactions. - Of the patients receiving 25 and 
35 mg. orally, all except 1 experienced feelings of mild flushing 2 to 
4 hours after taking the drug. These reactions lasted up to 1 hour. 

Other Reactions: Bladder. All patients receiving the drug par- 
enterally who had not emptied their bladders shortly before the 
beginning of the experiment experienced a desire to urinate. In the 
case of the patient receiving 20 mg. subcutaneously, urgency was 
experienced when the bladder contained only 35 cc. of urine. None 
of the patients who received the drug orally experienced any imme- 
diate desire to urinate; it was impossible to state whether or not desire 
to void which occurred later was a result of the action of the drug. 

Gastro-intestinal. Two patients receiving 3 mg. of the drug par- 
enterally experienced mild transitory nausea; both were known to 
be of a neurotic temperament. No other gastro-intestinal symptoms 
occurred, except in 1 small woman who had mild fleeting lower 
abdominal cramps and in 1 patient who experienced hunger con- 
tractions lasting about 1 minute, both occurring with a dosage of 
10 mg. subcutaneously. These reactions occurred within 5 minutes 
after the administration of the drug. 

Respiration. No effects on rate or rhythm of respiration were 
noted in any patients. 

Salivary Glands. Patients receiving the drug parenterally experi- 
enced increased salivation within the first 5 minutes of the experi- 
ment. The degree of reaction varied with the dose. No effect on 
salivation was noted in patients receiving the drug orally. 

Eyes. Patients receiving large amounts of the drug parenterally 
complained of lacrimation. Small subcutaneous doses had no visible 
effect on the activity of the tear glands. Two patients who had 
received 10 and 20 mg. respectively subcutaneously noticed blurring 
of distant vision and loss of ability to accommodate. In 1 case 
the patient found his temporary myopia relieved by minus lenses. 
This effect lasted up to 2 hours. 

Skin. In addition to the flush described above, all patients 
receiving the drug parenterally exhibited copious sweating during 
the period of the flush. 
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Discussion. The work of Fellows and Livingston? showed that 
Furmethide has a general parasympathomimetic effect in animals, 
its greatest action being exerted on the bladder and the circulatory 
system. The threshold dose for increasing bladder tonus in the cat 
was equal to that producing minimal blood pressure depression. 
Vomiting and diarrhea occurred only after the administration of 
very large doses; respiratory depression was a terminal effect of 
excessive dosage in these animals. In man, on the other’ hand,* 
changes in blood pressure have been variable after the subcutaneous 
administration of doses of 1 to 6 mg.; tachycardia, however, has 
been a constant occurrence. In a few instances prolongation of the 
P-R interval and flattening of the T waves of the deuenaiaiaans 
have been described. 

The results of the present study demonstrate that the major 
cardiovascular action of Furmethide is on the fine blood-vessels. 
The discomfort arising from its use in doses over 7 mg. subcutane- 
ously arises from the intense subjective feeling of heat associated 
with the action of the drug in producing a dilatation of the vessels 
of the skin; heat is lost so rapidly from the hyperemic skin that the 
feeling of intense warmth may be followed by sensations of cold 
and even shaking chills as the body temperature falls. In doses of 
3 to 5 mg. subcutaneously, the feeling of warmth is usually not dis- 
tressing. This is important, since this lower dosage range is effec- 
tive for the treatment of atony of the bladder.!. Even when capillary 
dilatation is extreme, changes of pulse pressure are not marked. 
Decreases of arterial blood pressure are transitory and not great. 
The administration of as much as 35 mg. by mouth produces only 
slight flushing which is not uncomfortable. Patients receiving 
Furmethide parenterally should be kept covered and in bed until 
the flush reaction has worn off, in order to guard against great losses 
of body heat during the sweating and vasomotor reactions. 

The rise of venous pressure which occurred in the present study 
was associated with the onset of vasodilatation and is probably a 
consequence of the transmission of arterial pressure through the 
dilated smaller vessels of the tissues. The tachycardia may be due, 
at least in part, to activation of the Bainbridge reflext by the 
increased venous pressure. The occurrence of the tachycardia ap- 
pears to contraindicate the use of the drug parenterally in patients 
with evidences of heart disease. The transitory fall in blood pressure 
may be hazardous to patients with symptoms of coronary artery 
insufficiency; accordingly, large doses should not be used in such 
patients until after it has been shown that the smallest doses have no 
effect. Whenever possible, the drug should be given orally to 
patients in whom the possibility of significant cardiac disease exists. 

Side reactions other than those already discussed —gastro-intes- 
tinal, salivary and ocular—occur only when large doses are given 
and are not dangerous, although the paralysis of accommodation 





340 MEGIBOW, KATZ, RODBARD: 


may be annoying. Effects on the gastro-intestinal motility are so 
insignificant that Furmethide is probably safe to use even in the 
presence of disease of the gastro-intestinal tract. 

Summary and Conclusions. The reactions of 29 patients to the 
parasympathomimetic drug Furmethide (furfuryl-trimethyl-ammo- 
nium iodide) in parenteral doses of 3 to 20 mg., and in oral doses of 
10 to 35 mg., were studied. Particular attention was paid to its 
effects on the cardiovascular system. Transient falls of systolic 
and diastolic blood pressures, tachycardia and rises of venous 
pressure occurred in patients receiving the drug parenterally. No 
such reactions occurred in patients receiving the drug orally. The 
side reactions include flush, sweating and urgency of urination. In 
the doses recommended for the treatment of atonic bladders (7. e., 
3 to 5 mg. subcutaneously or 10 to 25 mg. orally) these reactions 
were not so marked as to make the patient uncomfortable. 

The drug may safely be repeated after an hour when given sub- 
cutaneously, or after 4 hours when given orally. 

Large doses of Furmethide should not be given parenterally to 
old patients or patients with known heart disease, as the tachycardia 
and fall in blood pressure may give rise to myocardial infarction. 
Very small doses should be used first in such patients, gradually 
increasing the dose after it has been shown that the smallest doses 
are without effect. The use of Furmethide by: the oral route appears 
to be preferable in patients with heart disease. 

Patients receiving Furmethide parenterally should be kept cov- 
ered and in bed until the flush reaction has worn off, in order to guard 
against great losses of body heat during the sweating and vasomotor 
reactions. 
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THE MECHANISM OF ARTERIAL HYPERTENSION IN 
EXPERIMENTAL HYDRONEPHROSIS.* 
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Tue fundamental relationship between the kidney and some 
forms of arterial hypertension is now clearly established. Clinical 
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evidence! continues to accumulate suggesting that hydronephro- 
sis has been an etiologic factor in some cases of chronic hypertension. 
These conclusions are supported by numerous experimental observa- 
tions.*:*" However, attempts to induce protracted hypertensive 
states by experimental hydronephrosis have in general led only to 
slight transient elevations in the systemic arterial pressure. In an 
effort to formulate more concisely the mechanism whereby hydro- 
nephrosis produces elevations in blood pressure, we have further 
investigated this problem. 


Methods. Trained dogs were used in all experiments, the period of 
training being considered complete when the diastolic pressure on 3 succes- 
sive determinations showed a variation of less than 5 mm. Hg. Blood 
pressures were recorded from the femoral artery of the unanesthetized dog 
by means of the Hamilton needle manometer.‘ Hydronephrosis was pro- 
duced by (a) partial or complete constriction of the ureter with a Goldblatt 
clamp, or (6) by cannulation of the ureter to the inferior vena cava or one 
of its tributaries."’ Operations were performed aseptically under nembutal 
or ether anesthesia, the latter being employed in order to ensure rapid 
elimination of the anesthetic agent postoperatively. Frequent blood non- 
protein nitrogen determinations were made prior to and following surgery. 
All animals were autopsied soon after death and the experiment discarded 
if gross hydronephrosis was not present. 

For purposes of a more complete analysis, some experiments previously 
reported® have been incorporated into the present study. Including these, 
the effects of the following procedures were initially investigated: (a) 
bilateral hydronephrosis following complete and partial ureteral occlusion; 
(b) unilateral hydronephrosis; and (c) unilateral hydronephrosis and contra- 
lateral nephrectomy. As the problem developed, it was found that at- 
tempts to produce chronic hypertension by uncomplicated hydronephrosis 
were unsuccessful. Accordingly, the effect of combining unilateral hydro- 
nephrosis with constriction of the contralateral renal artery was studied. 
In some of these animals the ischemic kidney was later removed. 


Results. The data on all series of experiments are summarized 
in Tables 1 to 6. 

1. The Effect of Bilateral Hydronephrosis Following Complete 
Ureteral Occlusion. Complete bilateral ureteral occlusion resulted 
in a definite hypertension in 4 and a mild hypertension in 2 dogs 
(V-24, V-26, V-28, W-13, W-19, W-20, Table 1) out of 7. The 
blood pressure elevation persisted until death in uremia occurred 
2 to 6 days postoperatively. 


TABLE 1.—Errect on BLoop PRESSURE OF COMPLETE OcCLUSION OF BotTH URETERS. 
Doe No.: V-24. V-26. V-28. V-87. W-13. W-19. W-20. 


reo aoa. —_—_, — es, a_i GCN 
.Bioop Pressure: 8. Ya RR a aR a ea aa a Re 
Control (before oper.) . 150 75 160 85 140 85 175 80 150 80 115 65 
Day (postop.): 
1 5) gh (ee 1200 9 135 100 175 85 185 105 125 65 
y RE dead dead dead 220 140 120 80 
215 135 175 110 
dead dead 
_ bo are Faken 
auseofdeath . . . i pheumonia pneumonia pneumonia uremia uremia uremia 
uremia uremia 
S = systolic blood pressure in mm. Hg. 
D = diastolic blood pressure in mm. Hg. 
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2. The Effect of Bilateral Hydronephrosis Following Partial Ureteral 
Occlusion. Postoperatively the systemic arterial pressure rose in 5 
of 7 dogs (W-44, W-49, W-50, W-53, W-78, Table 2). The eleva- 
tion was maintained for a period of 3 to 80 days, the pressure then 


TABLE 2.—ErFrrect oN BLoop PRESSURE OF BILATERAL PARTIAL URETERAL 
OccLusIon. 


Doe No.: W-44. W-47. Ww-49. W-50. W-51. W-53. W-78. 

eFE-_ ’ , oem, ru“ 

Boop Pressure: §. OD. . DD. 8. D.- & Bk -*@. SB. BD. § 
Control (before oper.) . 170 100 135 85 155 85 170 85 150 80 170 75 

Day (postop.): 


140 


175 120 150 85 165 150 100 140 75 145 150 

205 140 160 100 dead 175 

190 135 95 190 5 175 
dead 160 100 
65 180 120 

170 


145 90 
160 120 


135 85 200 
dead 
Serwt, hte 170 85 
30. t«zw 7. 175 100 


50. 165 85 
70 ‘ : 150 115 
career : 125 100 
dead 
Cause of death . . . uremia pneumonia pneumonia pneumonia uremia pneumonia uremia 
8 = systolic blood pressure in mm. Hg. 
D = diastolic blood pressure in mm. Hg. 


tending to return towards the control level in some (W-49, W-50, 
W-53). In 1 dog (W-44) the severe hypertension was maintained 
until death in uremia 4 days following operation. In this instance; 
it was noted that ureteral occlusion was almost complete. No sig- 
nificant blood pressure changes appeared in the remaining dogs 


(W-47, W-51, Table 2). 


TaBLE 3.—Errect oF CoMPLETE UNILATERAL URETERAL OCCLUSION. 
Doe No.: V-32. W-16. W-22. W-26. W-32. W-55. W-57. 
ew —_—a_r_~ ew ew —_— 

Boop Pressure: 8. OD. a 8. D. g.: BB. a. 2B 3. . are % 
Control (before oper.) 150 85 150 85 150 70 140 75 150 85 { 165 80 
Day (postop.): 

Ric Oar 165 95 150 8 150 75 155 75 165 160 75 
, 170 105 170 f 
160 100 160 80 160 
150 8&5 170 65* 150 


Pa 145 80 90 140 90 
12. aye ¢ 175 9 7 225 130 


0 | ; 145 8 190 100 
30 ae 5 190 105 140 80 


50 , 155 90 18 85 150 
dead dead 
100 150 70 
150. 150 70 
dead 
Cause of death . . sacrificed pneumonia unknown pneumonia sacrificed sacrificed peritonitis unknown 
* Dog excited. 
§ = systolic blood pressure in mm. Hg. 
D = diastolic blood pressure in mm. Hg. 
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3. The Effect of Unilateral Hydronephrosis. Unilateral hydro- 
nephrosis produced a transient elevation in arterial pressure lasting 
for periods up to 50 days in 3 out of 8 dogs (V-32, W-32, W-57, 
Table 3). This confirms the observations of Hartwich.* 


TABLE 4.—Errect or UNILATERAL OCCLUSION AND CONTRALATERAL NEPHRECTOMY. 


Dog No.: 


BLoop PRESSURE: 
Control (before oper.) 
Day after operation 


DOr ON 


W-79. 


—-——oa~ 


8. D. 
170 80 
L.U.C. 
155 =75 


130 75 
L.U.C. 
120 70 


150 75 
L.U.C. 
170 80 


175 100 


145 80 195 105 


X-45. 


8. D. 
155 80 
L.N. 


185 
175 


100 . 
90 


150 90 


R.U.C. 
150 95 
175 100 
180 105 


Y-36. 
yee Sea ® 
& D, 
155 80 
L.N. 
150 90 


R.U.C. 


190 120 
200 120 


200 120* 
dead 
dead 
215 125* 
dead 
210 100 
dead 
uremia 
pneumonia 


Cause of death sacrificed 


uremia 


uremia uremia sacrificed 


* Agonal. 
8 systolic blood pressure in mm. Hg. 
D diastolic blood pressure in mm. Hg. 
L left. 
R right. 
N nephrectomy. 

U.C. ureteral occlusion. 


4. The Effect of Unilateral Hydronephrosis and Contralateral Neph- 
rectomy. In 3 dogs the contralateral normal kidney was removed 
after the ureteral occlusion and in 2 dogs the nephrectomy was done 
prior to the unilateral ureteral occlusion (Table 4). The time 
sequence of nephrectomy to ureteral occlusion had no apparent 
determining effect on the subsequent blood pressure changes. In 3 
of these animals (W-79, X-45, Y-36, Table 4) hypertension devel- 
oped when a single hydronephrotic kidney remained (Fig. 1). This 
elevation in blood pressure persisted until death in uremia 4 to 
(6 days postoperatively; the onset, intensity and duration of the 
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blood pressure change was similar to that following complete bi- 
lateral ureteral occlusion (Table 1). One animal (W-54, Table 4) 
developed a fluctuating hypertension following unilateral hydro- 
nephrosis, but showed no further blood pressure changes following 
nephrectomy. The remaining dog (W-25, Table 4) showed no blood 
pressure variations although excretory insufficiency followed removal 
of the normal kidney. 
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5. The Effect of Unilateral Renal Ischemia* and Contralateral 
Hydronephrosis. Unilateral renal ischemia was produced in 8 dogs 
by the method of Goldblatt* after which the arterial pressure was 
determined frequently until it remained relatively stabilized at the 
preoperative control, or at a higher level. In 6 dogs (U-81, U-89, 
U-99, V-2, V-66, W-86, Table 5) the addition of contralateral hydro- 
nephrosis was followed by an elevation in blood pressure lasting 
for periods of from 3 to 9 days (Fig. 2). The remaining 2 dogs 
(V-46, X-100, Table 5) showed no significant blood pressure varia- 
tion following this procedure. These blood pressure changes ap- 
peared within 24 hours following ureteral obstruction and persisted 
at the new levels with but minor fluctuations until the animals died 
or were sacrificed. In 4 of the dogs (U-81, U-89, V-2, W-86) the 
elevation in arterial pressure was accompanied by a progressive rise 
in the blood NPN, the animals dying or were sacrificed in uremia 
within 5 days following contralateral hydronephrosis. 

* By the term renal ischemia, we imply those changes which occur in the kidney 


following constriction of the renal artery with a Goldblatt clamp, be it actual ischemic, 
diminished pulse pressure, changes in pulsatile flow or other factors 
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TaBLe 5.—EFFEcT ON BLoop PRESSURE OF CONTRALATERAL URETERAL OCCLUSION 
FoLLOWING UNILATERAL RENAL ARTERY CONSTRICTION. 


Doe No.: U-81. J-89. le V-2. . V-66. W-86. X-100. 
oe, i —_—_—_, RRFE_—_ ee. mes 


Bioop Pressures: S§. D._ S&S. a: & a ff eh 8S. D. a. ae Ts a a 
Control (before oper.) 150 75 155 85 160 75 150 75 165 75 150 75 150 85 120 65 


Unilateral Renal Artery Constriction. 
Level after operation. 3 175 80 185 85 150 75 150 80 155 70 


Contralateral Ureteral Occlusion. 
Day after 2d oper.: 
110 215 125 215 100 175 110 155 75 175 105 
135 200 100 200 125 165 95 
125 225 130 160 100 150 75 
135 225 115 160 100 215 115 
120* dead dead dead 
120 170 70 
115 dead 
140 125 75 
dead 


130 65 
; 100 75 
a ..; : dead 
Cause of death . . uremia _ sacrificed sacrificed sacrificed sacrificed uremia uremia 
* Hydronephrotic kidney removed earlier in day. 
t Ischemic kidney removed. 
8 = systolic blood pressure in mm. Hg. 
D = diastolic blood pressure in mm. Hg. 
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These results differ strikingly from those observed when the main 
renal artery of the contralateral kidney was not constricted (Table 3). 
In the latter instances, none of the dogs died in renal excretory in- 
sufficiency. 

6. The Effect of Removal of the Ischemic Kidney in Dogs With 
Unilateral Renal Ischemia and Contralateral Hydronephrosis. Nine 
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dogs with unilateral renal artery occlusion and contralateral hydro- 
nephrosis were observed for periods of 1 to 150 days prior to the 
removal of the ischemic kidney (Table 6). In 1 (V-38) the nephrec- 
tomy was done at the same operation as the contralateral ureteral 
occlusion. In 5 of these 9 dogs (U-90, U-94, V-93, X-59, X-90, 
Table 6) the addition of the hydronephrosis produced an elevation 
of the blood pressure; in 1 (X-90) the elevation was from a normo- 
tensive level, in the others it was an aggravation of a preéxisting 
hypertension. This compares with the experience in the preceding 
series (Table 5) in which the rise was from a normotensive level in 
5 out of 6 (U-89, U-99, V-2, V-66, W-86, Table 5) and from a hyper- 
tensive level in 1 (U-81, Table 5). We were able to produce a 
chronic sustained elevation of arterial pressure in 3 dogs (V-93, 
W-58, X-90, Table 6) lasting for periods of 95, 107 and 84 days 
respectively prior to nephrectomy (Fig. 3). 
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In the series shown in Table 6, an elevation in the blood non- 
protein nitrogen occurred in all 5 of the animals showing elevation 
of blood pressure following the contralateral hydronephrosis, and 
this was true also in the series of Table 5 showing a blood pressure 
rise under similar circumstances. 
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nephrectomy was followed by a persistence (Fig. 3) or increase in 
intensity of the hypertension. 

In the other 2 animals (W-69 and Y-43, Table 6) removal of the 
Goldblatt kidney was without effect since no hypertension developed. 
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Discussion. ‘Transient hypertension followed partial ureteral con- 
striction, and a marked hypertension lasting up to 5 days was 
induced by severe bilateral hydronephrosis or by hydronephrosis in 
uninephrectomized dogs. Death in uremia terminated the latter 
experiments. In 3 animals a protracted elevation of the arterial 
blood pressure unaccompanied by azotemia was induced by adding, 
at a later date, unilateral hydronephrosis to contralateral renal artery 
constriction. Persistent systemic arterial hypertension did not 
occur with uncomplicated hydronephrosis. 

Removal of the contralateral ischemic kidney after hydronephrosis 
had been induced led to a sharp fall in blood pressure toward the 
normal level.'’ This was followed, however, by a gradual increase 
in blood pressure in 7 out of 10 experiments due to the hypertensive 
action of the hydronephrotic kidney. Hypertension, in these in- 
stances, persisted in most of the animals until death in uremia, 
which occurred from 3 to 25 days afterwards. 

The 3 occasions in this series in which renal failure was present 
without hypertension offer additional support to the thesis that the 
excretory and hypertension-producing mechanisms of the kidney are 
unrelated." 

Renal hypertension appears to depend upon the ratio of ischemic 
to normal kidney tissue.*"* In hydronephrosis both of these fac- 
tors are affected. The initiating process is a rise in ureteral and 
intratubular pressure which decreases renal blood flow? and there- 
fore may produce true renal ischemia. Of course, the other modifi- 
cations in renal blood flow which occur in renal artery ligation are 
also produced to some extent in hydronephrosis. The amount of 
renal ischemia varies with the duration and intensity of the de- 
creased blood flow. The increased intratubular pressure also results 
in a certain amount of hydronephrotic atrophy of the normal renal 
parenchyma. The magnitude and course of the resulting hyperten- 
sion depends upon these two factors as well as the compensatory 
increase in normal renal tissue in the opposite kidney. This 
phenomenon of contralateral compensatory renal hypertrophy ex- 
plains the occurrence of transitory hypertension in unilateral hydro- 
nephrosis. Thus, two fundamental processes advance simultane- 
ously in the same kidney to increase the amount of ischemic and to 
decrease the amount of normal renal substance. Just as in renal 
arterial constriction, so it is possible that in hydronephrosis, renal 
excretory insufficiency may develop without the occurrence of hyper- 
tension if the decrease in normal parenchyma is inordinately greater 
than the amount of ischemic renal tissue. In such an event the 
process leads primarily to destruction of normal kidney tissue, and 
this may become great enough to simulate complete nephrectomy. 

In those experiments in which ureterovenous anastomosis was 
used to produce hydronephrosis the possibility exists that the reéntry 
of pressor substances, such as have been extracted from the urine,’ 
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may have been responsible for the hypertension that developed. 
However, this is unlikely since in 2 dogs in this series in which the 
anastomosis was subsequently interrupted and the urine allowed to 
drain to the exterior of the body, the induced blood pressure changes 
remained. 

The transitory azotemia accompanying unilateral hydronephrosis 
indicates that with time the opposite kidney increases its activity to 
overcome the renal excretory insufficiency. A similar and more per- 
sistent renal excretory insufficiency developed, in this investigation, 
in 13 out of 18 dogs with unilateral hydronephrosis and contra- 
lateral restricted renal blood supply. The long persistence of renal 
excretory insufficiency in these animals may indicate that the kid- 
ney with a restricted blood supply may not be able to increase its 
mass and so cannot compensate for the decrease in renal excretory 
function. This kidney has lost its capacity for hypertrophy and 
hence its ‘‘reserve”’ has been diminished. It would seem, therefore, 
that constriction of the renal artery produces a type of renal excre- 
tory insufficiency which is “subclinical” and which cannot be 
demonstrated by our present methods of analyzing renal excretory 
function. The addition of hydronephrosis on the opposite kidney 
is required to make this latent insufficiency manifest. 

Summary. 1. Complete unilateral ureteral occlusion in unineph- 
rectomized dogs and complete bilateral ureteral occlusion are fol- 
lowed by a rise in the systemic arterial blood pressure which persists 
until the animals die in uremia. 

2. Partial bilateral and complete or partial unilateral ureteral 
occlusion are followed by a transient elevation of the arterial blood 
pressure. 

3. The addition of unilateral hydronephrosis to contralateral renal 
ischemia intensifies any tendency to hypertension. This indicates 
that the hydronephrotic kidney is actively concerned in the genesis 
and maintenance of arterial hypertension. 

4. Evidence is presented that this mechanism is twofold, in that 
ischemia and destruction of normal renal tissue probably proceed 
simultaneously in the same kidney, the initiating factor being a rise 
in ureteral and intratubular pressure. 

5. An explanation is offered for the occasional occurrence of 
normotension and renal excretory insufficiency observed in hydro- 
nephrosis. 
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In the course of other experiments on renal hypertension in rats, 
we observed that 2 ariimals who were pregnant when their left renal 
arteries were constricted did not develop high blood pressure and 
died before delivery with diffuse internal hemorrhages. Although 


the constriction of one renal artery in normal rats does not neces- 
sarily cause a rise in blood pressure, we became interested in study- 
ing the possible influence of pregnancy on experimental renal hyper- 
tension. We were further stimulated by the contradictory results 
found in the literature. Some investigators reported that hyper- 
tension improves during pregnancy, while others claim that the 
symptoms become more severe and death follows rapidly. 

Goldblatt, Kahn and Hanzal® reported that “most of the hyper- 
tensive dogs that have become pregnant have shown a slight or 
moderate fall of pressure’’ and that pregnant animals can frequently 
stand a degree of constriction of the renal arteries which would kill 
a non-pregnant animal. They suggested that this might be a com- 
pensatory effect of the normal kidneys of the feeti. __ 

Dawson, Cressmann and Blalock? found that constriction of renal 
arteries in pregnant dogs causes a high incidence of abortion or 
resorption of the foeti, with elevation in blood pressure ranging 
from moderate to severe. The blood pressure declines somewhat 
at the time of delivery and then rises subsequently. 

Dill and Erickson‘ found that bilateral constriction of the renal 
artery has a deleterious effect on pregnant dogs and rabbits. They 


* Funds for this work were made available through a grant to the Department 


of Neurosurgery, University of Michigan, by the Aaron Mendelson Memorial Trust 
Fund. 
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describe an eclampsia-like syndrome accompanied by hypertension, 
albuminuria, uremia, coma, convulsions, and death. Later Dill, 
Isenhour and Cadden* repeated the experiments constricting the 
aorta above the origin of the renal arteries with a measured clamp. 
Most of the pregnant animals developed an eclampsia-like syndrome 
similar to the one obtained previously, but only those with moderate 
constriction developed hypertension. In a recent paper, Dill, 
Isenhour, Cadden and Kuder’ found that pregnancy has no definite 
effect on the blood pressure of hypertensive rabbits and state that 
they cannot explain why “reducing the renal blood flow in the preg- 
nant animal produces a fatal vasospastic syndrome while pregnancy 
in the animal with reduced renal blood flow produces little, if any, 
effect.’’ One may note that since the renal ischemia was produced 
in all animals by constriction of the aorta, the blood supply to the 
uterus was also reduced. A pregnant uterus developing in a hyper- 
tensive organism may adapt itself to the existing conditions by 
developing a large collateral circulation, but the sudden reduction 
of blood supply to an already pregnant uterus may not be promptly 
compensated. 

Recent experiments of Ogden, Hildebrand and Page” suggest 
that ischemia of the pregnant uterus may play a réle in the produc- 
tion of experimental hypertension due to constriction of the aorta. 

The investigators mentioned above constricted the aorta or both 
renal arteries. We tried to avoid interference from ischemic uteri 


or renal insufficiency by constricting only the left renal artery. 
While our work was in progress Page, Patton and Ogden" published 
a paper in which they show that the blood pressure of hypertensive 
rats and rabbits with unilateral and bilateral renal ischemia drops 
during pregnancy and pseudopregnancy, and that the onset of . 
hypertension in pregnant rats is delayed until after parturition. 


Method. Eighty-two young adult albino rats were used in our experi- 
ments. They were fed dry dog chow, water ad libitum, and a daily supple- 
ment of fresh lettuce and carrots. The systolic blood pressure was measured 
using the plethysmographic method described by Byrom and Wilson,? 
which we modified as follows: The animals were placed in an adjustable 
container similar to the one described by Williams, Harrison and Grollman."” 
At first, we used animals anesthetized with ether, and later, unanesthetized 
rats. After a few determinations the animal becomes trained and remains 
quiet long enough to determine the blood pressure without anesthesia or 
heat. Instead of soft soap, we sealed the tail into the plethysmograph with 
a mixture of vaseline and paraffin of a similar consistency. At least three 
readings were averaged for each blood pressure determination. Hyper- 
tension was produced by clamping one renal artery, adapting to the rat 
the method used by Pickering and Prinzmetal in the rabbit. Care was 
taken to avoid complete occlusion of the artery, but no effort was made to 
graduate the degree of constriction, since the exudates which form around 
the clamp make any such attempt futile. 

Rats differ from other animals in that unilateral constriction of the 
renal artery causes a permanent rise in blood pressure or one lasting several 
months,'® long enough for our purpose. This operation is followed by a 
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relatively high mortality, which under certain conditions is further increased 
by pregnancy.*® We therefore waited at least 2 weeks after applying the 
clamp before mating the rats. Those rats who survived that period of 
selection had sufficient constriction of their renal artery to produce hyper- 
tension without severe renal insufficiency and thus enabled us to study 
the influence of pregnancy on uncomplicated renal hypertension. 


EFFECT OF PREGNANCY ON THE BLOOD PRESSURE 
OF 6 NORMAL RATS 


SYSTOLIC BLOOD 
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Fig. 1.—Rat Group I. M indicates mating; D indicates delivery. 


Of the 82 rats used in this study, 45 were used solely to determine the 
normal blood pressure of rats, 6 were used as controls (Group I), and in 31 
rats the left renal artery was clamped. Of these, 9 were discarded imme- 
diately because of operative mortality or because they did not become 
hypertensive. Twenty-two became hypertensive; of these, 7 died within 
2 weeks and were not considered in this paper, 3 were operated upon while 
pregnant (Group IT) and 12 became pregnant after the operation (Group III). 


Results. 1. Normal Blood Pressure in the Rat. One hundred 
and ninety-eight determinations were made on 49 normal rats under 
ether anesthesia. The blood pressure averaged 84 mm. Hg (60 to 
114). Six hundred and fifty determinations were made on 33 nor- 
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mal unanesthetized rats. The blood pressure averaged 85 mm. Hg 
(60 to 130). . 
EFFECT OF PREGNANCY ON THE BLOOD 
PRESSURE OF RATS WITH RENAL HYPERTENSION 
SYSTOLIC BLOOD 
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Fig. 2.—Rat Group III. C indicates constriction of the left renal artery; M and D 
as in Figure 1. 


2. Effect of Pregnancy on the Blood Pressure of the Normal Rat. 
(Group I, Fig. 1.) After recording the blood pressure for 17 days, 
the rats were mated and frequent determinations of blood pressure 
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were made during pregnancy and for 15 days after delivery. There 
was no significant change in blood pressure during and after preg- 
nancy. 

3. Effect of Constriction of the Renal Artery in Pregnant Rats. 
(Group II.) Only 3 rats were included in this group. The blood 
pressure of the first rose from an average of 82 mm. Hg before 
constriction of the renal artery to 92 mm. after 3 days and 114 mm. 
after 11 days; the twelfth day the animal died. The second rat 
also died 12 days after its renal artery was constricted. Its blood 
pressure had dropped from 92 to 60 mm. Hg. The third animal 
died after 14 days. Its blood pressure had dropped from 76 to 
50 mm. Hg. All the animals had diffuse hemorrhages and infarc- 
tion of the clamped kidney. 

4. Effect of Pregnancy on Preéxisting Hypertension. (Group III, 
Fig. 2.) Twelve rats were used in this group. All but 1 survived 
pregnancy and all of these, except 1, delivered normal fceti. The 
litters were small; only 1 rat delivered 5 foeti, the others delivered 
from 1 to 4. In all rats, with no exception, the blood pressure 
gradually dropped during pregnancy from an average maximum of 
174 to an average minimum of 103 mm. Hg beginning towards the 
end of the first week. The drop was marked in every case; fre- 
quently the blood pressure reached normal preoperative levels. 
After delivery the blood pressure again rose to an average level of 
180 mm. Hg, which is higher than the average value before preg- 
nancy, and remained elevated as long as the rats were observed. 
All of the animals except Nos. 1 and 3 were kept under observation 
for at least 20 days after delivery. 

Discussion. The systolic blood pressure of normal rats averaged 
85mm. Hg (60 to 130) with no significant difference between males and 
females. Bonsmann! by means of a photoelectric method obtained 
similar results. These values were lower than those obtained by 
other investigators,?:*!7 possibly because most of our experiments 
were performed in the summer. The average blood pressure of a 
group of rats during June to September, 1940, was 81 mm.; that 
of another group of rats during December to February, 1941, was 
92 mm. Hg. Hamilton and associates'® suggested that the blood 
pressure of street dogs may be reduced during the hot season. 

Normal pregnancy had no significant effect on the blood pressure 
in our experiments. This is in accordance with the results of many 
investigators, although several others found that pregnancy pro- 
duces a rise in blood pressure and others found that it produces 
a drop. (The literature on the subject has been reviewed by 
Jensen.!') 

In 3 rats the left renal artery was constricted during pregnancy. 
All 3 died in a very short time, 1 had a rise in blood pressure. 
A similarly high mortality was obtained by Dawson et al.’ in analo- 
gous conditions in dogs, and by Dill et al.4 when constricting the 
aorta above the origin of the renal arteries in rats. In our experi- 
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ments, since there was no interference with the uterine circulation, 
death was probably due to renal insufficiency. On the other hand, 
when pregnancy occurs in hypertensive rats who have survived con- 
striction of the renal artery for a period of time sufficient to permit 
selection, the blood pressure invariably drops, frequently to normal, 
and rises again after delivery. We can conclude that pregnancy 
produces a drop in blood pressure when renal ischemia is sufficient 
to produce hypertension, but not so severe as to produce damage to 
kidney function. An eclampsia-like syndrome with hypertension 
occurs only when the constriction of the renal arteries has been too 
severe, when the constriction interferes with uterine circulation, or 
when the clamp is applied during pregnancy and no gradual adapta- 
tion is possible. 

Three explanations for the drop in blood pressure are possible: 
|. Enlargement of the vascular bed due to the development of the 
uterine circulation. This does not seem very likely, since the drop 
in blood pressure frequently begins during the first third of the preg- 
nancy, when the uterine circulation is not well developed. Further- 
more the arterioles of the uterus, as all other arterioles, are probably 
subject to the constricting action of the hypertensive agent. 

2. Antipressor action of the normal fetal kidneys. This explana- 
tion does not seem likely, since the kidneys of the foeti are not yet 
fully developed when the blood pressure begins to drop; however, 
here the situation may be analogous to the one in diabetes mellitus, 
which, according to some authors, improves as the fetal pancreas 
begins to function. 

3. Endocrine mechanism. This mechanism should be more fully 
investigated. Reynolds and Foster'* have recently shown that a 
relation may exist between sex hormones and peripheral circulation, 
although according to Dill and Isenhour,’ the injection of sex 
hormones into hypertensive rabbits has no effect on blood pressure. 
Page and Sweet have shown that although hypophysectomy does 
not prevent the rise in blood pressure due to constriction of the renal 
artery, the rise tends to be transient. 

Summary and Conclusions. 1. The normal systolic blood pressure 
of the young adult albino rat was found to average 85 mm. Hg (60 
to 130). It is slightly lower during the summer. 

2. Ether anesthesia has no appreciable effect on the systolic blood 
pressure of normal rats. 

3. Systolic blood pressure in rats does not change significantly 
during normal pregnancy. 

4. Hypertension of several months’ duration can be produced in 
rats by constricting one renal artery without damage to the general 
health of the animal. 

5. The systolic blood pressure of rats with hypertension due to 
constriction of one renal artery is sharply reduced during pregnancy, 
from an average maximum of 174 to an average minimum of 
103 mm. Hg. 
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6. After delivery the systolic blood pressure again rises to hyper- 
tensive levels, reaching an average of 180 mm. Hg. 

7. Constriction of the renal artery of pregnant rats is followed by 
rapid decline and death. Hypertension may or may not occur. 

8. The influence of pregnancy on experimental renal hypertension 
in rats is discussed. It is suggested that the drop in blood pressure 
might be due to an endocrine mechanism. 
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(From the Hematology Laboratory and Wards of the Mount Sinai Hospital.) 
THE use of “stored” blood has become more widespread since 
the institution of “blood banks” in most hospitals. It finds its 
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justification in its ready availability and in the practical and eco- 
nomic advantages resulting to both patient and hospital. Conse- 
quently fresh blood transfusions are being given less frequently. 
There is however some difference of opinion as to the value of stored 
versus fresh blood. Thus Riddell® in his monograph claims that 
there is a real need for hospitals to store blood as long as it is strictly 
limited to emergency use. The impression still persists that the 
changes in blood stored for any length of time militate against its 
use in many conditions, particularly anemias, infections, sepsis, 
hemorrhagic diseases, hemolytic anemias and liver diseases. In 
surgical conditions it is well established that stored blood is of the 
utmost value in the treatment of shock and hemorrhage. In these 
states the problem is not so much a hematologic one, but rather a 
hemodynamic and physico-chemical one. 

Stored blood has several disadvantages over fresh blood and these 
are proportional to the duration of storage. It is known that the 
leukocytes are rapidly destroyed and that the platelets undergo 
similar destruction. Chemical changes also occur such as altera- 
tions in the glucose, lactic acid and potassium content of the blood.'® 
However, the significance of these changes is for the present at least 
purely academic. There is available a large clinical experience 
which proves the general therapeutic value of stored blood, and 
thereby lessens the importance of the above-mentioned changes. 
This impression is further borne out by the apparent less frequent 
incidence of transfusion reactions following the use of stored blood. 

The major question is the fate of the red blood cells. Although 
there is a destruction of a small part of the red blood cells in storage 
and the erythrocyte fragility increases progressively with the dura- 
tion of storage, these changes do not militate against the use of this 
type of blood in general medical conditions. Previous work by us! 
and others®“ has shown that blood stored over 10 days usually 
causes a transient jaundice due to the initial destruction of the 
older cells transfused. A knowledge of the fate of the younger cells 
is however of utmost importance in the treatment of the anemias 
since the therapeutic result is directly dependent upon the via- 
bility of the transfused red blood cells. Numerous methods for the 
detection of the red cell viability exist. The one most frequently 
used is the determination of the rise in hemoglobin and erythrocytes 
following blood transfusion and the maintenance of this rise. A 
method such as this is unsatisfactory since too many variable factors 
exist in each patient to be able to accurately evaluate any results. 
A more accurate test is the “Ashby effect’! used by Schaeffer and 
Wiener.” This test consists of transfusing a patient of known M 
or N blood grouping with blood containing only the other factor 
and testing the survival of the transfused red blood cells by means of 
agglutination test for the heterologous M or N factor. Schaeffer 
and Wiener found that blood stored for 8 days or less compared 
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favorably with fresh blood; however, 12-day old blood disappeared 
rapidly from the blood stream so that by the end of a week approxi- 
mately 90% of the transfused blood had disappeared. In a further 
study the same authors" found that “the survival time of the trans- 
fused cells in the patient’s circulation is inversely proportional to 
the time that the blood was stored before transfusion” and they 
concluded that “where the need is primarily for erythrocytes, blood 
stored only a few days is almost equivalent to fresh blood. Blood 
stored longer than a week is relatively inefficacious.” 

An index of the viability of transfused erythrocytes can also be 
obtained by studying one of the main end-products of the destruc- 
tion of red blood cells in the body, namely urobilinogen, which can 
be fairly accurately determined in the feces and urine. In using 
the method of urobilinogen excretion to determine the length of 
viability of transfused red cells, the type of anemia selected for this 
study must be one in which a fairly constant rate of hemolysis 
occurs, 2. €., an approximately constant excretion of urobilinogen. 
Cases of aplastic anemia seemed to satisfy these criteria. The 3 pa- 
tients chosen received repeated transfusions of blood of varying ages 
from a few hours to 18 days. The urobilinogen excretion in the 
urine and stool was determined before and after each transfusion 


of blood. 


Methods. Urobilinogen Excretion. A. Watson’s modification of Terwen’s 
method was used for determining the quantitative excretion of uro- 
bilinogen in the urine and stools. Stools were collected over a 3- or 4- 
day period and an average determination for the 3- or 4-day period was 
made. Urine was collected for 24 to 48 hours in a dark bottle kept on ice 
with petroleum ether and sodium carbonate as a preservative. Results 
obtained are expressed in mg. per 24 hours, 50 to 200 mg. being normal 
in the stool and up to 2 mg. in the urine. 

B. Icterus index: The method of Ernst and Férster* was used. Acetone- 
treated plasma was compared directly with potassium dichromate standards 
as suggested by Soffer and Paulson.” 

C. Red cell counts were made in the usual manner. Hemoglobin deter- 
minations were made with the Sahli hemoglobinometer and Wintrobe’s 
method for packed red cell volume was used. 

Clinical and Laboratory Observations. Case 1. R. §S., white female, 
aged 29, who for 2 years before admission to the hospital complained of 
marked weakness and dizziness. Although her hair had been gray for 
7 years no dyes had been used. Her hemoglobin at that time was 50%. 
Intensive liver and iron therapy proved of no value. She was admitted to 
this hospital for diagnosis and treatment. The physical examination on 
admission revealed no abnormalities other than extreme pallor and slight 
bleeding from the gums. The tourniquet test, bleeding and coagulation 
time were within normal limits. Blood examination revealed the follow- 
ing: hemoglobin 38% (Sahli), erythrocytes 1,178,000, white cells 5300, 
platelets 45,000. The differential was relatively normal with 7% non- 
segmented neutrophils, segmented neutrophiis 50%, lymphocytes 36%, 
monocytes 7%. Free acid was present in the stomach. The icterus index 
was 4 (acetone method) and Van den Bergh was negative. Bone marrow 
aspiration showed an active marrow with a moderate increase in erythroid 
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elements. A sternal marrow biopsy revealed similar findings. Bilirubin 
tolerance, galactose tolerance tests, and bromsulphalein tests were normal. 

During 18 days 2 transfusions of 5-day-old citrated blood stored at 4° C. 
and fresh citrated blood were given. Both donors and recipient were 
Group O. 

The excretion of urobilinogen in the urine and stool was determined for 
a control 4-day period. The fecal urobilinogen was 28.6 mg. per 24 hours 
and the urinary urobilinogen was present in a quantity too small to be 
measured accurately. During the first 3-day period, following the transfu- 
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CHART 1.—Case 1. Note immediate rise in urobilinogen excretion following the 
transfusion of 5-day-old blood, and no increase following the transfusion of fresh 
blood. 


sion of 500 ee. of 5-day-old citrated blood, a definite increase in fecal and 
urinary urobilinogen did occur. The pigment excretion in the stool was 
increased to 59.8 mg. per 24 hours and the urinary pigment was increased to 
2.12 mg. per 24 hours. By the seventh day following the transfusion, the 
excretion had returned to the pretransfusion level at which time another 
transfusion of fresh citrated blood was given. No rise in pigment excretion 
occurred during the week following this transfusion. The initial hemoglobin 
of 37% was raised to 65% following the 2 transfusions. No rise in the 
—— _— occurred and no reaction to either transfusion occurred 

hart 1). 
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This case, although followed for only a short time, did show that during 
the first week following the transfusion, fresh blood is not hemolyzed within 
the body to the same degree as blood stored for 5 days. 

Casr 2. M. P., a 70-year-old white female, was first seen at this hospital 
in September, 1934, at which time she complained of weakness and palpa- 
tion on excretion. Except for pallor, physical examination was essentially 
negative. The blood count was as follows: hemoglobin 58%, red cells 
2,570,000, white cells 3200, platelets 140,000, with a normal differential. 
The gastric contents contained free hydrochloric acid and Roentgen ray 
examination of the entire skeleton was negative. She received intensive 
liver and iron therapy with no response, and from that time until the 
present admission, blood transfusions were necessary at regular intervals 
to combat the anemia. Sternal biopsy revealed islands of active erythro- 
poiesis with numerous erythroblasts, lymphocytes, and few immature cells. 
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Cuart 2.—Case 2. Note the progressive increase in the urobilinogen excretion with 
the increase in the storage time of bank blood. 


Days a ae ie 


All blood chemistry determinations were within normal limits and liver 
function tests were normal. Pigment excretion studies were started when 
the patient was admitted with a hemoglobin of 26%. The average daily 
excretion of urobilinogen was 19.8 mg. per 24 hours in the feces and 0.21 mg. 
per 24 hours in the urine, an extremely low figure. The patient was given 
transfusions at various periods of fresh citrated blood, 5-day-old citrated 
blood, and 12-day-old citrated blood and urobilinogen determinations were 
made before and after each transfusion. 

This case was followed for a period of 25 days. A 500-cc. transfusion of 
fresh citrated blood induced no rise in the pigment excretion in the urine 
and stool within a period of 1 week following the transfusion. Five-day-old 
citrated blood (500 cc.) caused a rise from 14.8 mg. per 24 hours in the fecal 
urobilinogen to 74 mg. per 24 hours within 3 days following the transfusion 
and a drop to the pretransfusion level in 7 days. Blood stored for 12 days 
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caused a marked rise to almost 6 times the pretransfusion level (118 mg. 
per 24 hours) within 3 days following the transfusion and fell slowly to the 
original level within a week. In this case the fresh blood was followed by 
a greater rise in hemoglobin and red cells. The increase in urobilinogen 
excretion was directly proportional to the age of the blood transfused 
(Chart 2). 

Case 3. V. G., a 48-year-old Italian housewife, was first seen in July, 
1936, because of weakness, shortness of breath, and extreme pallor. The 
blood count at the time was: hemoglobin 32%, red cells 1,140,000, white 
cells 2400, segmented neutrophils 52%, lymphocytes 39%, eosinophils 8%, 
myelocytes 1%. Except for a spleen that was palpable 3 fingers below 
the costal margin, the physical examination was essentially negative. Free 
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Cuart 3.—Case 3. Note the reduction in the urobilinogen excretion following trans- 
fusion of blood stored with glucose citrate as the preserving mixture. 
. 


acid was present in the stomach contents; and all blood chemistry deter- 
minations were within normal limits. A sternal marrow biopsy showed a 
cellular marrow, with an increase in the immature as > | elements. 
The average urobilinogen excretion was 0.45 mg. per 24 hours in the urine 
and 32 mg. per 24 hours in the feces. Her past history was negative except 
for the fact that the patient had been using a hair dye for 11 years which 
contained paraphenylenediamine and m-toluylene emia: Four years 
before admission following the administration of this dye the scalp had 
become inflamed and no further treatments had been given. A diagnosis 
of aplastic anemia due to the hair dye was made and treatment consisted of 
liver and iron, female sex hormones and transfusions. No definite remissions 
occurred except following the transfusions, and these were only temporary. 
The pigment excretion in the urine and stool remained low and liver function 
tests (hippuric acid tests, bilirubin tolerance tests and galactose tolerance 
tests) were within normal limits. The patient was followed in the Out- 
Patient Department and was admitted on the average of once a month for 
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blood transfusions. At the time of the present admission, the hemoglobin 
was 30% with 1,450,000 red cells and a packed cell volume of 13%. Similar 
studies of the urobilinogen excretion before and after blood transfusion 
with various aged blood were made. 

This case was followed for a period of 60 days during which time 24 fecal 
and 47 urinary urobilinogen determinations were done (Chart 3). As in 
the previous cases, fresh blood caused no appreciable rise in the urinary or 
fecal urobilinogen excretion for the first 3-day period following the trans- 
fusion. However, a late rise to 3 times the original level did occur from 
the fourth to the seventh day following the fresh blood transfusion; 300 ec. 
of blood were given in every instance. Seven-day-old blood increased the 
urobilinogen excretion to 260 mg. per 24 hours within 5 days following the 
transfusion. Five days later the fecal pigment excretion was still elevated, 
being 84 mg. per 24 hours. With the rise of fecal urobilinogen a like rise in 
urinary urobilinogen occurred within the first few days after the transfusion. 
This unquestionably was due to the overloading of the liver with bile 
pigment and the inability of the liver to excrete this substance. Thus a 
temporary rise in the icterus index to 15 occurred which rapidly returned 
to normal within 2 days. A transfusion of 300 cc. of 17-day-old blood 
caused a marked rise within the first 3-day period to an amount 20 times 
the original level with a slow return to the pretransfusion level within 
2 weeks. Urinary urobilinogen again rose within the first 2 days following 
the transfusion to 5.6 mg. per 24 hours and returned within 4 days to the 
initial low level. The overloading phenomenon of the liver with bile pig- 
ment is thus again exemplified. 


Rous and Turner" and DeGowin* and others have shown that 
glucose when added to the anticoagulant mixture will preserve the 
red blood cells for a longer period of time. Our own studies have 
yielded similar results. To test the effect of glucose when added to 


citrated blood on the urobilinogen excretion, 300 cc. of blood stored 
for 7 days in DeGowin’s glucose citrate mixture was given to this 
patient. A slight rise in the pigment excretion occurred but was 
not comparable to the rise following the 7-day-old blood stored with 
just sodium citrate as the preservative. Blood stored for 14 days 
with the same glucose citrate mixture produced a rise in pigment 
excretion that was maintained at 3 times the original level for 
2 weeks. A sharp distinct rise that occurred following the use of 
only sodium citraté as the preserving fluid was not manifested in 
this case. Likewise the effect of homologous Group 0 plasma on 
the urobilinogen excretion was also investigated. The patient was 
given 250 cc. of citrated plasma which had been in contact with red 
cells for 12 days. This was not followed by any increase in urobilin- 
ogen excretion. 

Comment. The 3 cases studied fall within the group of refractory 
anemias as classified by Rhoads.® All 3 cases show cellular marrows 
with active erythropoiesis. We are not concerned in this paper with 
the nature of the condition although further investigative work in 
the group of refractory anemias is being continued. The primary 
purpose of this study is to evaluate, if possible, the quality and 
efficacy of bank blood in the treatment of anemias. 

It is noteworthy that in spite of the fact that the use of transfu- 
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sions in the treatment of the anemias can be regarded the most 
important in the medical field, the literature on the whole is scant. 
Greppi and Rossi’ observed that in hemolytic anemias, fresh blood 
transfusion is followed by a blood destruction which may be dis- 
proportionate to the quantity of the introduced blood, and hence 
must involve the patient’s own blood; and that in other anemias the 
hemolytic actions involve a small part of only the transfused blood. 
Introzzi’ found that in cases of aplastic anemia the increase of 
urobilinogen excretion that usually occurs following the fresh blood 
transfusions does not occur. Barker’s? work on the urobilinogen 
excretion in various blood disorders contained 2 cases of aplastic 
anemia treated by transfusions in which the hemolytic action was 
studied for a period of 5 weeks. A sharp increase, immediately after 
each transfusion, in the excretion of urobilinogen, from 108 to 
600 mg. was observed in 1 instance, and to 350 mg. in another; in 
these instances there was only transient improvement. However, 
in these cases also, fresh whole blood was used, and in the first 
instance a transfusion reaction occurred. In the second case an 
increase in excretion occurred after each transfusion. 

In our 3 cases the initial urobilinogen excretion was at an ex- 
tremely low level, as might be expected because of the low circulating 
blood volume. Watson has found that in most cases of aplastic 
anemia the excretion is within the limits of normal. Barker? sup- 
ports the above view and cites only 1 case with a fecal urobilinogen 
excretion below 50 mg. per 24 hours. Our 3 cases have been chosen 
because of the low constant level of pigment excretion and because 
any hemolyzing factor of the patients’ own blood could be ruled out. 

Since the liver is the most important organ in the excretion of 
bilirubin, bilirubin tolerance tests were done to determine the 
capacity of the liver to excrete injected bilirubin. All excretion 
tests performed with this method were within normal limits, and 
other liver function tests, as the sodium benzoate, bromsulphthalein 
and galactose tolerance, also gave normal values. The determina- 
tion of the urobilinogen excreted in the urine and stool could thus 
serve as an index of the capacity of the body to utilize this trans- 
fused blood. An increased excretion of urobilinogen in the stool 
means a destruction of blood, either of that introduced by the trans- 
fusion or the patient’s own blood. Studies on the regenerative 
index were not done, but we can assume that regeneration was con- 
tinuing at a rate approximately corresponding to destruction, since 
anemia was always present with slight variations. In the 3 cases 
presented here, fresh blood caused little or no increase in pigment 
excretion during the first week following the transfusion. As blood 
stored for varying periods of time was given, greater quantities of 
urobilinogen were excreted almost immediately, and the beneficial 
action of these bloods was of shorter duration than fresh blood, 
particularly since the increased excretion was usually continued 
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over a longer period of time. The addition of glucose to the preserv- 
ing solution was effective in prolonging the retention and utilization 
of transfused blood. The observations of the effect of glucose 
citrate as the preserving solution in bank blood on the urobilinogen 
excretion leads one to assume that the red cells are in a better state 
of functional preservation. This is in agreement with many studies, 
particularly those of DeGowin and his coworkers.* Plasma itself 
when transfused caused no increase in the excretion of urobilinogen. 

Our results are in agreement with those of Schaeffer and Wiener in 
that blood stored for less than 7 days may be considered relatively 
useful for the treatment of anemias. 

Conclusions. 1. The excretion of urobilinogen in the stool and 
urine after transfusion with stored blood is directly proportional to 
the length of time of blood storage. 

2. The use of blood stored for more than 7 days in anemias is 
inadvisable. 
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EFFECT OF LARGE AMOUNTS OF SINGLE VITAMINS OF THE 
B GROUP UPON RATS DEFICIENT IN OTHER VITAMINS. 
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In multiple deficiency diseases in man, enhancement of certain 
signs of deficiency following treatment with one single factor has 
been encountered in pellagrins;* Scandinavian authors! *:® have re- 
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ported that treatment of multiple deficiencies with thiamine alone 
precipitated the appearance of lesions characteristic of nicotinic 
acid deficiency. In experimentally produced deficiency diseases, 
Gyorgy,* Chick et al.2 and Harris’ have shown that in rats main- 
tained on diets deficient in both riboflavin and pyridoxine, the 
Horid dermatitis specific for the lack of pyridoxine does not become 
evident until riboflavin is supplied. The addition of riboflavin 
therefore seems to aggravate the manifestations of pyridoxine defi- 
ciency. Similar observations have been made on the appearance of 
deficiency lesions due to the lack of pantothenic acid in young rats 
which were deficient in both pyridoxine and pantothenic acid.*.7 
Only after the addition of pyridoxine the characteristic lesions of 
pantothenic acid deficiency become manifest. Thus, on diets defi- 
cient in several members of the vitamin B complex, deficiency dis- 
eases may result in which lesions characteristic of the lack of the 
various single factors might not become conspicuous, and it is 
generally accepted that the characteristic lesions due to a deficiency 
in one single factor are more rapidly produced on diets which supply 
an optimum amount of all other factors of the B complex. It 
seemed of interest to us to study the manner in which the course 
and the manifestations of deficiencies due to the lack of one factor 
of the vitamin B complex may be influenced by the prolonged 
administration of excessive amounts of the various other members 
of the B group. 


Method. The experiments were carried out on 920 male albino rats. 
At 3 weeks of age the rats were placed on highly purified diets deficient either 
in the entire vitamin B complex, or in individual factors such as riboflavin, 
pyridoxine or pantothenic acid. The rats maintained on the various diets 
were divided into groups of 20. Every group received a daily supplement 
of one vitamin in an excessive amount. The amounts, given to each rat by 
stomach tube, were 1 mg. of either thiamine, riboflavin, or pyridoxine or 
10 mg. of either nicotinamide or calcium pantothenate; amounts which 
represent approximately one hundredfold the maintenance dose. The 
animals were kept in individual cages, their weights and their symptoms 
were recorded at frequent intervals. The experiments were concluded after 
a period of 100 days and autopsies were performed on all animals. 


Experimental. A. Excessive amounts of thiamine with diets free 
from the entire vitamin B complex. Sixty rats were placed on a diet 
consisting of dextrose 68%; casein, vitamin-free, 18%; hydrogenated 
cottonseed oil (Crisco) 8%; salt mixture, U.S.P. XI, No. 1, 4%; cod- 
liver oil 2% and supplemented with 1 gm. of choline chloride per 
100 gm. of diet. The rats were subdivided into three groups of 20. 
One group received no supplement, the other groups were fed daily 
10 ug. and 1 mg. of thiamine respectively. Except for the initial 
10) days, all animals on this diet failed to gain weight (Chart 1). 
The group receiving no supplement declined in weight, whereas the 
rats receiving either 10 yg. or 1 mg. of thiamine maintained their 
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weight for a period of 6 weeks. Retarded growth was the most con- 
spicuous manifestation in all groups. In the later stages the ani- 
mals in the two groups supplemented with thiamine became rather 
untidy, the fur was matted and dirty, some scaly dermatitis devel- 
oped, especially on the trunk. No difference in appearance was 
observed between the group receiving 10 yg. and that receiving 
1 mg. of thiamine. Likewise, the mortality in these two groups 
was approximately the same (Table 1). Without thiamine, all 
animals died within 42 days. Supplementation with 10 ug. of thia- 
mine prolonged the life of 80% of the animals in this group beyond 
the 42 days; supplementation with 1 mg. daily produced the same 
result and gave no evidence of harmful effects. 


40 
30 


20 : 
° 20 
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Cxuart 1.—Growth of rats maintained on a diet free from the vitamin B complex. 
Each curve represents the average of 20 animals. 1, Basal diet. 2, Receiving a 
daily supplement of 10 wg. of thiamine per rat per day. 3, Receiving a daily supple- 
ment of 1 mg. of thiamine per rat per day. 


TABLE 1.—MonrvTA tity. 


No. animals dead within: 
_ een No. 
Dietary No. Daily dose 28 42 56 70 100 animals 
deficiency. administered. days. days. days. days. days. surviving 
AllBvitamins. . .. None 3 Oo ee is if 0 
Thiamine, 10~y 1 4 13 19 20 0 
Thiamine, 1 mg. 2 4 13 18 20 0 


Riboflavin (none) . ‘ None 24 33 37 37 
Thiamine, 1 mg. ea 9 16 16 18 
Nicotinamide, 10 mg. : 11 19 20 
Pyridoxine, 1 mg. 16 18 20 ee 
Ca pantothenate, 10 mg. At 13 13 14 19 


Riboflavin (2 wg. per rat None 


13 5 23 
7 0 
6 8 12 
5 6 12 
6 8 12 


Thiamine, 1 mg. 
Nicotinamide, 10 mg. 
Pyridoxine, 1 mg. 

Ca pantothenate, 10 mg. 


per day) . 


me dom OSI 


Pantothenic acid (none) . None : ‘ 16 18 19 
Thiamine, 1 mg. 17 20 
Riboflavin, 1 mg. 5 14 18 
Nicotinamide, 1 mg. ¢ 
Pyridoxine, 1 mg. 3 : 17 


Pantothenic acid (257 per None 
ratperday). .. . Thiamine, 1 mg. 
Riboflavin, 1 mg. 
Nicotinamide, 10 mg. 
Pyridoxine, 1 mg. 
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B. Excessive amounts of single vitamins with diets deficient in ribo- 
flavin. Rats (360), divided into three equal groups, were placed 
on a diet consisting of dextrose 34%; cornstarch 34%; casein, vita- 
min-free, 18%; hydrogenated cottonseed oil (Crisco) 8%; salt mix- 
ture, U.S.P. XI, No. 1, 4%; cod-liver oil 2%, and supplemented with 
0.8 mg. each of thiamine and pyridoxine, 5 mg. of calcium panto- 
thenate and 100 mg. of choline chloride per 100 gm. of diet. One 
series did not receive any riboflavin, the other two were given a 


IN| GRAMS 


WEIGHT 





30 





.e) 100 
DAYS 


Cuart 2.—Growth of rats maintained on diets with and without riboflavin. Each 
curve represents the average of 20 animals. 1, Basal diet; 2, 3, 4, 5, supplemented with 
thiamine (1 mg.), nicotinamide (10 mg.), pyridoxine (1 mg.) or calcium pantothenate 
(10 mg.) respectively per rat per day. 6, Receiving 2 ug. of riboflavin per rat per day; 
7, 8, 9, 10, receiving 2 yg. of riboflavin and supplemented with thiamine (1 mg.), 
nicotinamide (10 mg.), pyridoxine (1 mg.) or calcium pantothenate (10 mg.) respec- 
tively per rat per day. 11, Receiving 10 ug. of riboflavin per rat per day; 12, 13, 14, 15, 
receiving 10 ug. of riboflavin and supplemented with thiamine (1 mg.), nicotinamide 
(10 mg.), pyridoxine (1 mg.) or calcium pantothenate (10 mg.) respectively per rat 
per day. 


daily supplement of 2 yg. and 10 yg. of riboflavin respectively, 
both amounts being below the requirement of 20 to 30 ug. necessary 
for optimum growth on this diet. Each of the three series was sub- 
divided into one group of 40 animals receiving no further supple- 
ment and four groups of 20 animals each receiving excessive amounts 
of thiamine (1 mg.), nicotinamide (10 mg.), pyridoxine (1 mg.) or 
pantothenic acid (10 mg.) respectively. The average growth of the 
animals in the fifteen different groups is shown in Chart 2. 
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All animals receiving no riboflavin (Chart 2, Group 1-5) gained 
about 13 gm. during the first 3 weeks, after which period their 
weights became stationary. There was no significant difference 
between the group receiving no supplement and those receiving 
excessive amounts of the other B vitamins. Manifestations of ribo- 
flavin deficiency such as thinning of the fur, generalized scaly der- 
matitis and sticky exudate on the eyelids and especially on the 
medial canthus of the eye appeared at about the same time and to 
the same degree in all animals. The mortality of the rats, as 
recorded in Table 1, was not significantly different in the various 
groups. Only 6 rats survived the test period of 100 days, 3 in the 
group receiving no additional vitamin, 2 receiving thiamine and 
1 receiving calcium pantothenate. 

Addition of 2 ug. of riboflavin per rat per day to the second series 
of rats on the riboflavin-free diet resulted in weight gains of about 
40 to 50 gm. in the average for a period of 10 weeks (Chart 2, Group 
6-10). However, the amount of riboflavin was too small to support 
life for more than 11 weeks for the majority of the rats. Additional 
feeding of massive doses of nicotinamide, pyridoxine or pantothenic 
acid (Groups 8, 9, 10) did not influence the weight gain of the rats. 
The rats receiving 1 mg. of thiamine daily (Group 7) did not gain in 
weight at the same rate as the other groups. A somewhat higher 
mortality (see Table 1) was encountered in the group fed thiamine; 
50% of the animals died within a 10-week-period and only 20% 
were still living after 100 days. On the other hand, 40% of the 
group receiving no additional vitamins as well as of the groups 
receiving nicotinamide, pyridoxine or pantothenic acid survived the 
test period. The appearance and severity of the deficiency lesions 
due to the insufficient amount of riboflavin were comparable in all 
groups of this series. 

To the members of the third series of experiments 10 yg. of ribo- 
flavin were given daily and the same scheme of feeding additional 
vitamins to the various groups as in the first two series was carried 
out. As evidenced by Chart 2 (Group 11-15), all rats in this series 
gained weight at the same rate of approximately 1.5 gm. per day. 
All rats, with the exception of 2 animals accidentally killed, survived 
the test period. No definite lesions due to the relative deficiency 
in riboflavin were observed in any of the various groups. 

C. Excessive amounts of single ntamins with diets deficient in panto- 
thenic acid. Rats (300), divided into three equal groups, were placed 
on a basal diet consisting of dextrose 68%; casein, vitamin-free, 18%; 
hydrogenated cottonseed oil (Crisco) 8%; salt mixture, U.S.P. XI, 
No. 1, 4%; cod-liver oil 2%, and supplemented with 0.8 mg. each 
of thiamine, riboflavin and pyridoxine, 10 mg. of nicotinamide and 
100 mg. of choline chloride per 100 gm. of diet. One series of ani- 
mals did not receive any pantothenic acid; another series received a 
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daily supplement of 25 gg. of calcium pantothenate per rat, an 
amount which is insufficient for optimum growth. The third series 


was given 100 ug. of calcium pantothenate, an amount which meets 
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Cuart 3.—Growth of rats maintained on diets with and without pantothenic acid. 
Each curve represents the average of 20 animals. 1, Basal diet; 2, 3, 4, 5, supple- 
mented with thiamine (1 mg.), riboflavin (1 mg.), nicotinamide (10 mg.) or pyridoxine 
(1 mg.), respectively, per rat per day. 6, Receiving 25 ug. of calcium pantothenate 
per rat per day; 7, 8, 9, 10, receiving 25 ug. of calcium pantothenate and supplemented 
with thiamine (1 mg.), riboflavin (1 mg.), nicotinamide (10 mg.) or pyridoxine 
(1 mg.), respectively, per rat per day. 11, Receiving 100 yg. of calcium pantothenate 
per rat per day; 12, 13, 14, 15, receiving 100 yg. of calcium pantothenate and supple- 
mented with thiamine (1 mg.), riboflavin (1 mg.), nicotinamide (2 mg.) or pyridoxine 
(1 mg.), respectively, per rat per day. 





the requirement for optimum growth in young rats maintained 
on this diet.'° Subdivision of the three series of animals into five 
groups of 20 each and feeding of large daily doses of single vitamins 
(either 1 mg. of thiamine, riboflavin or pyridoxine or 10 mg. of nico- 
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tinamide respectively) followed a scheme.similar to that used in the 
experiments with the riboflavin-deficient rats. 

The animals of the first series which received no pantothenic acid 
gained between 25 and 30 gm. during the first 3 weeks. The weight 
curve for Group 1 receiving no additional vitamin and those for 
Group 2-5 receiving large supplements of either thiamine, ribo- 
flavin, nicotinamide or pyridoxine are practically the same (Chart 3, 
Group 1-5). Rats of all groups manifested loss of hair and porphyrin 
deposits on the fur, especially on the whiskers, signs characteristic 
of pantothenic acid deficiency. Adrenal hemorrhages were found in 
all groups. Likewise, no difference was observed in the mortality 
of the different groups (Table 1); more than half of the animals in 
each group died within 6 weeks. 

The second series of animals received a daily supplement of 25 ug. 
of calcium pantothenate. No significant difference in the rate of 
growth was found between Group 6 receiving no additional vitamins 
and any one of those four groups (7-10) receiving large vitamin 
supplements (Chart 3, Group 6-10). Fourteen animals of the 
group receiving no additional vitamins survived the test periods; 
only 16 and 11 animals in the groups fed excess thiamine or ribo- 
flavin respectively survived. On the other hand, the rats fed addi- 
tional amounts of pyridoxine or nicotinamide survived in greater 
numbers than those of the control group (Table 1). The deficiency 
lesions observed in this series were confined to a moderate degree of 
alopecia and some rusty spots (porphyrin) on the fur. They were 
of comparable extent in all groups. No adrenal hemorrhages were 
found on gross examination at autopsy. 

All animals in the third series supplemented with 100 ug. of cal- 
cium pantothenate gained at a rate of approximately 3 gm. per rat 
per day (Chart 3, Group 11-15) and no difference was seen between 
the control (Group 11) and the other groups receiving the large 
amounts of other vitamins (Group 12-15). All rats presented a 
normal healthy appearance throughout the test period. 

D. Excessive amounts of thiamine or pantothenic acid with a diet 
free from pyridoxine. Rats (200) were placed on a diet consisting 
of dextrose 68 % ; casein, vitamin-free, 18%; filtered butter fat 8%; salt 
mixture, U.S.P. XI, No. 1,4%; cod-liver oil 2%, and supplemented 
with 0.8 mg. each of thiamine and riboflavin, 10 mg. of nicotinic 
acid, 5 mg. of calcium pantothenate and 100 mg. of choline chloride 
per 100 gm. of diet. A group of 100 animals receiving no further 
supplements served as a control for two groups of 50 rats which were 
given a daily supplement of 1 mg. of thiamine or 10 mg. calcium 
pantothenate respectively. 

No difference was observed between the rats of the three groups. 
All animals became stationary in weight after 4 weeks at 50 to 
55 gm. The first signs of scaliness on the paws became noticeable 
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simultaneously in the different groups during the third week. The 
characteristic dermatitis of pyridoxine deficiency involving the paws, 
ears and snout progressed at a comparable pace in all animals. 

Discussion and Summary. Large amounts of individual factors of 
the vitamin B complex were fed over periods extending to 100 days 
to rats subsisting on diets inadequate in one or more factors of the 
B complex. The rats were maintained on highly purified diets free 
from either riboflavin, pyridoxine, pantothenic acid or the entire 
B complex. Other rats subsisted on diets partially deficient in ribo- 
flavin or pantothenic acid. 

Daily feeding of large amounts of single crystalline vitamins of 
the B group did not significantly influence the growth rate of the 
deficient animals, nor the appearance of severity of the deficiency 
lesions characteristic of the missing factors. Furthermore, the mor- 
tality of rats receiving large amounts of additional vitamins did not 
differ significantly from those receiving no further supplement. 

Daily feeding of either 10 yg. or of 1 mg. of thiamine to rats on 
diets free from all B vitamins produced the same effect in maintain- 
ing weight and in prolonging the life of the animals. The addition 
of 1 mg. of thiamine daily resulted in somewhat smaller weight 
increase and higher incidence of mortality in rats receiving an in- 
sufficient amount (2 ug) of riboflavin daily. However, in another 
group of animals receiving suboptimal amounts of riboflavin (10 ug. 
daily), no such effect of thiamine could be found. All other findings 
were deviations within the normal range. . 

Conclusions. Prolonged administration of large amounts of indi- 
vidual vitamins of the B group to rats subsisting on diets either 
entirely free from or partly deficient in one or more factors of the 
vitamin B complex failed to aggravate the manifestations of the 
deficiency state. 

Our experiments present no evidence of adverse effects follow- 
ing the administration of an excess of individual vitamins in the 
presence of deficiencies of other vitamins of the B complex. 


We wish to express our appreciation to Dr. Henry Siegel for performing the autop- 
sies of the animals. 
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Tuts paper presents data, obtained by the method of human 
marrow culture,’ on the comparative effectiveness of million volt 
Roentgen rays, 200 kv. Roentgen rays, neutron rays, and beta rays 
emitted by radioactive phosphorus. This method permits quantita- 
tive controlled studies of the effects of physical and chemothera- 
peutic agents on a known number of known types of living human 
cells. For example, in previous publications by this method? it has 
been shown that the action of Roentgen rays appears to inhibit 
the onset of mitotic and amitotic division; that the ratio of 
the effect on the highly susceptible lymphocytes to that on the 
less susceptible progranulocytes (promyelocytes) is the same with 
a small exposure to 50 r as with a larger exposure to 400 r; that 
increasing the exposure from 50 r to 400 r increases the effect 1.7 
times instead of 8 times; and that the inhibitory effect on leukemic 
progranulocytes is similar to that on non-leukemic progranulocytes, 
although the rate of decrease is more rapid. This latter was inter- 
preted as being due to a higher rate of cell division for the leukemic 
progranulocytes. It has also been shown in interchange of media 
between irradiated and non-irradiated marrow cultures that there 
is no evidence of an indirect action of the Roentgen rays, but the 
effects could all be explained if the action of the irradiation was 
directly on those cells capable of mitotic or amitotic division to 
inhibit the onset of division. 


* Aided by grants from the Dazian Foundation, the John C. Higgins Experimental 
Medicine Fund, and the Columbia Fund for Medical Physics of the Columbia 
Foundation. 

Read before the Biometrics Section of the American Statistical Association, 
Berkeley, Calif., December 31, 1941. 
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The literature on the biologic effects of Roentgen rays has been 
reviewed by Scott," Duggar,* and Selling and Osgood;” that on 
neutron rays has been reviewed by Aebersold and Lawrence;? and 
that on radioactive phosphorus has been reviewed by Scott and 
Lawrence and Lawrence, Scott and Tuttle.“ An extensive review 
of the literature will not be given, therefore, in this paper. 


Method. In each experiment, about 10 cc. of human marrow obtained 
by sternal puncture’ were introduced into a 50 cc. vaccine vial containing 
25 ec. of citrated balanced salt solution. After manipulation to eliminate 
most of the non-nucleated erythrocytes, the final culture contained about 
100,000,000 nucleated marrow cells suspended in about 50 cc. of a medium 
consisting of about 35% human umbilical cord serum obtained from the 
fetal side of the placenta and 65% balanced salt solution similar in compo- 
sition to cerebrospinal fluid. This was thoroughly mixed, and after removal 
of a sample for initial total and differential cell counts equal volumes were 
placed in each of 4 to 6 vaccine vials. All manipulations were made with 
syringe and needle through 70% alcohol on the vaccine vial caps. The 
vials containing the identical cultures were then sent by Air Express to the 
W. H. Crocker Radiation Laboratory, University of California in Berkeley 
where, under the supervision of Dr. P. C. Aebersold, Dr. J. H. Lawrence, 
and Dr. L. A. Erf, the cultures were treated with neutron rays, million volt 
Roentgen rays, 200 kv. Roentgen rays, or radioactive phosphorus, 1 vial 
always being left untreated as a control. The vials were then returned 
by Air Express, placed in the incubator at 37° C., and at intervals samples 
were removed for total and differential cell counts. The medium was 
changed every 24 to 48 hours. In some experiments identical vials of cul- 
tures were kept in Portland at room temperature or in the pocket of one 
of the investigators as an additional control. These always showed counts 
within the limits of experimental error identical with that of the control 
vial which had been shipped to Berkeley and back again. This technique 
assured that there was the same number of the same type of cells in the 
same volume of identical medium in each vial and that the only variable 
introduced was the ionizing irradiation. 

The factors used in the irradiation were as follows: For the million volt 
Roentgen ray irradiation, the million volt tube in the Roentgenologic Divi- 
sion at the University of California Hospital in San Francisco* was used 
with 2 mm. of lead added filter, an 80 cm. target to liquid distance, and an 
intensity of approximately 20 r per minute. The exposure was measured b 
a Vietoreen condenser r-meter, the total exposure being 200 r. The half- 
value layer for these Roentgen rays was 9 mm. of copper. The 200 kv. 
irradiation was given with a 200 kv. constant potential machine, with an 
added filter of 0.2 mm. of tin and 0.25 mm. of copper, an 80 cm. target 
to liquid distance, and an intensity of approximately 15 r per minute- 
measured by the same Victoreen condenser r-meter. The half-value layer 
in copper was 1.4 mm. in the first series of experiments in which million 
volt and 200 kv. Roentgen rays and neutron rays were compared. For the 
other experiments the Roentgen ray irradiation was given with a 220 kv. 
Maximar apparatusf in the Radiation Laboratory in Berkeley. The factors 
were 220 kv. peak voltage, 15 ma., 2 mm. of copper added filter, and 
60 em. target to liquid distance, a half-value layer of 2.3 mm. of copper. 
This exposure as measured inside one of the empty vials from which the 
bottom had been cut off was 31 r per minute. One vial from each culture 


* We are indebted to Dr. R. S. Stone for his collaboration in these studies. 
+ This apparatus was made available through the courtesy of the General Electric 
X-ray Corporation. 
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in this series of experiments received 400 r and 1 vial received 60 r of 
X-radiation. 

All irradiation with neutrons was done under the same conditions. The 
neutrons were generated by the 60 inch cyclotron at the Radiation Labora- 
tory in Berkeley by bombarding beryllium with 16 million volt deuterons. 
The neutrons were collimated to a 10 by 15 em. field at 100 cm. from the 
beryllium target by the standard arrangement used for treating patients." 
The beam was filtered through 3 cm. of lead to suppress gamma rays. 
The exposure was measured with an 100 r size Victoreen condenser r-meter, 
and the readings were called “n” instead of “r’’ when the meter was 
exposed to neutrons. In the first series of experiments, 50 n of neutron rays 
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Fig. 1.—Comparative effects on lymphocytes in marrow cultures of 200 r of Roent- 
gen rays at 1000 kv. and at 200 kv. and of 50 n of neutron rays. The points on the 
curves represent the weighted averages of the absolute number of lymphocytes in the 
corresponding vials of the 4 experiments expressed in percentage of the absolute 
number of lymphocytes in the 4 controls at the same time. The time of irradiation 
was 24 to 48 hours before the cultures were put in the incubator. They were in 
transit from Berkeley to Portland during the 24 hours preceding the time they were 
placed in the incubator. The factors used in the irradiation are given in the text. 


were given to 1 vial to compare with other vials from each of these experi- 
ments which received 200 r of 220 kv. Roentgen rays and 200 r of million 
volt Roentgen rays. In the second series of experiments, 1 vial from each 
culture received 15 n of neutron rays to compare with the vial in the same 
experiment that received 60 r of Roentgen rays, and 1 vial was given 100 r 
of neutron radiation to compare with the vial from the same culture receiv- 
ing 400 r of 220 kv. Roentgen rays. 

The radioactive phosphorus was prepared with the 60 inch cyclotron and 
introduced into the vials in the form of disodium phosphate, Na,HPOk. 
The radioactive phosphorus gives out only beta rays (no gamma or alpha 
rays) whose maximum energy is about 1.7 million electron volts. The 
activity was measured with a Lauritsen electroscope. From physical data’ 
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it was calculated that an average of 1 microcurie uniformly distributed 
through 1 ec. of culture should produce the same ionization in a 24 hour 
period as an exposure to 35 r of Roentgen rays. On this basis, the amount 
which should produce the same ionization as would 400 r of Roentgen rays 
in a 24 hour period was calculated and introduced into 1 vial from each 
experiment of the third series. An equal volume of the same concentration 
of non-radioactive disodium phosphate was introduced into the control 
vial at the same time. On return of the cultures about 24 hours after 
irradiation the vials were centrifugated and the medium removed and fresh 
medium not containing radioactive phosphorus but identical in composition 
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Fig. 2.—Comparative effects on progranulocytes of 60 r of Roentgen rays at 220 kv., 
15 n of neutron rays, 100 n of neutron rays, and 400 r of Roentgen rays at 220 kv. 
(based on the weighted averages of 13 experiments). Also of 400 r of Roentgen rays 
at 220 kv. and an average of 11.4 microcuries of radioactive phosphorus per cc., acting 
over a period of 24 hours (based on 6 experiments). Compare these curves with the 
corresponding curves for lymphocytes from the same two series of experiments shown 
in Figure 3. The factors used in the radiation are given in the text. 


with the medium introduced into the other vials of the same experiment 
was added. The time of removal of the medium was noted, and the re- 
moved medium was shipped back to the Radiation Laboratory where 
quantitative studies indicated that over 90 per cent of the radioactive 
phosphorus was recovered. 

The total nucleated cell counts were done by the cerebrospinal fluid 
cell counting method."* In each instance, about 400 cells were counted, so 
that the standard deviation of these individual determinations was about 
+ or —5%. The differential cell counts were done on Wright’s stained 
smears, and the cells were classified according to the criteria given in the 
“Atlas of Hematology” by Osgood and Ashworth.’° Wherever possible, 
enough cells were enumerated so that at least 20 of each type of cell were 
counted. This often necessitated counting several thousand cells. All of 
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the determinations were made by one of us (E. A. P.), so that there should 
be a minimum of variation in the technique. From the total and differential 
cell counts, the absolute numbers of each type of cell at each time period in 
each of the cultures was determined. The absolute number of cells of each 
type in each vial of each experiment was plotted on graph paper. From 
these graphs the absolute number of each type of cell in each vial was réad 
off for 24, 48, 72, 96 and 120 hours after the culture was placed in the 
incubator. Since the total nucleated cell counts decrease in the controls 
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Fig. 3.—Comparative effects on lymphocytes of 60 r of Roentgen rays at 220 kv., 
15 n of neutron rays, 100 n of neutron rays, and 400 r of Roentgen rays at 220 kv. 
(based on the weighted averages of 13 experiments). Also of 400 r of Roentgen rays 
at 220 kv. and an average of 11.4 microcuries per cc. of radioactive phosphorus, acting 
over a period of 24 hours (based on 6 experiments). Compare these curves with the 
corresponding curves for progranulocytes from the same two series of experiments 
shown in Figure 2. The factors used in the radiation are given in the text. 


while the absolute numbers of some cell types increase and others decrease 
during the time of irradiation it is necessary to compute the numbers of a 
particular cell type in an irradiated vial in percentage of the same type of 
cell in the non-irradiated control in order to show clearly the effects of irra- 
diation. The points on the curves shown in Figures 1 to 3 were, therefore, 
computed as follows: The absolute number of lymphocytes per c.mm. 
for each time period from 0 to 96 or 120 hours for the control in each experi- 
ment was added together, which gave the total number of lymphocytes per 
c.mm. in all of the controls of the series of experiments. The total absolute 
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number of lymphocytes per c.mm. for the vials which received the same 
type and amount of irradiation from the same series of experiments were 
added in the same way, and this total was divided by the total of the 
same type of cell in the control and multiplied by 100 to give the absolute 
number of lymphocytes from all experiments receiving the same dose and 
type of irradiation in percentage of the total absolute number of lympho- 
cytes in the corresponding controls. In other words, this gave a weighted 
average of the percentage of lymphocytes in all of the cultures recelving 
one type of irradiation in terms of the numbers of the same type of cell 
in the control at the same time period. Consequently, if there were no 
deviations from the control the figure should be 100% within the limits of 
experimental error of the method, and any deviation from the 100% line 
greater than the experimental error of the method must be due to the effect 
of the irradiation given. The results were similarly computed for the other 
types of cells and are plotted in Figures 1 to 3. Note that the time, not 
the exposure, is plotted on the X-axis and that the whole curve represents 
the effects of a particular wave length, exposure, and modality of irradia- 
tion relative to the control at the same time. The results for the granulo- 
cytes (myelocytes), metagranulocytes (metamyelocytes), rhabdocytes (staff 
cells), and lobocytes (polymorphonuclear neutrophils) were not plotted, 
since our previous work® showed that only the lymphocytes and granulo- 
cytes divide and that the more mature cells of the granulocyte series follow 
the curve of the progranulocytes but leave the control line at progressively 
later intervals. 

Three series of experiments were performed. In the first series, consisting 
of 4 experiments, 200 r of X-radiation was given at 200 kv. to 1 vial, 200 r 
at 1000 kv. to another vial, and 50 n of neutron rays was given to a third vial. 
The fourth vial from each experiment constituted the control (see Fig. 1). 
Only 2 experiments out of the first series had enough progranulocytes to 
count, so that the curves were not of sufficient statistical significance to be 
worth including. 

The second series of experiments included the data from 13 experiments 
in which for each experiment there was a control, a vial which received 60 r 
of X-radiation with the 220 kv. machine, 1 which received 15 n of neutron 
radiation, another which received 100 n of neutron radiation, and a fifth 
which received 400 r of X-radiation with the 220 kv. machine. Both 
progranulocytes and lymphocytes were plotted. The results are shown in 
Figures 2 and 3. 

The third series of experiments consisted of 6 experiments in which there 
was a control culture, 1 culture which received 400 r of X-radiation with 
the 220 kv. machine, and another culture which received beta radiation 
from an average of 11.4 microcuries of radioactive phosphorus for a 24 hour 
period. Data from these 6 experiments are plotted for progranulocytes 
and lymphocytes in Figures 2 and 3. 


Comment and Results. Note from Figures | to 3 that the curves 
for lymphocytes and progranulocytes in all experiments approach a 
straight line within the experimental error of the method. They fall 
from the control level at the time the cultures were put into the 
incubator until the last determinations were made. The straight 
line character of the drop was similar to that noted in all previous 
experiments with irradiation by the same method for lymphocytes 
and progranulocytes and fits well with the theory based on our 
previous work that irradiation inhibits the onset of amitotic division 


in the lymphocytes and mitotic division in the progranulocytes. 
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The curves in these experiments at first sight appear to differ from 
the curves in the previous experiments in that in Figures 1 to 3 
the decrease in lymphocytes and progranulocytes begins many hours 
after the time of irradiation; whereas, in previous experiments the 
decrease began immediately after irradiation. This is apparently 
explained, however, by the fact that in the previous experiments 
the cultures were placed in the incubator immediately after irradia- 
tion, and in these experiments the cultures were not placed in the 
incubator until after they had been returned from Berkeley. In 
both series of experiments, therefore, the decrease relative to the 
control began immediately after the cultures were placed in the 
incubator. The most plausible explanation for this difference seems 
to be that during the time of transit of the cultures from Berkeley 
to Portland after irradiation they were at the temperature of the 
outside air or at room temperature and, consequently, the cells 
in the controls did not divide. If the action of irradiation were to 
inhibit the onset of cell division no difference from the control would 
be expected until the cultures were placed in the incubator and cel! 
division began. Although the effect obviously occurred at the time 
of irradiation no morphologic or quantitative differences relative to 
the control were detected until the cultures had been incubated, 
even though 24 to 48 hours had elapsed since the time of irradiation. 
Since less than 1% of the cells were in process of division during 
irradiation with roentgen or neutron rays, it would seem impossible 
to explain the major effect as due to the action of ionizing irradiation 
during the time of cell division. 

In each of the irradiated cultures, whether irradiated with neutron 
rays, Roentgen rays, or the beta rays emitted by radioactive phos- 
phorus, a few large bizarre cells were noted after incubation. These 
were interpreted as representing cells which had undergone mutation 
preventing normal development.’ No other morphologic differences 
between the irradiated cultures and the non-irradiated controls were 
noted. There were no more disintegrated cells, such as are seen in 
large numbers when toxins or poisons are added to marrow cultures, 
in the irradiated cultures than were in the controls. This suggests 
that the irradiation did not alter the death rate of the cells as com- 
pared with the death rate in the corresponding non-irradiated con- 
trols. Since the cell population decreased, it must have been the 
rate of cell division, or “birth rate,” which was chiefly affected. 

Note from Figure 1 that there was apparently no significant 
difference in the effect on the rate of cell decrease between exposures 
of 200 r of X-radiation given at 200 kv. or at 1000 kv., nor between 
50 n of neutron rays and 200 r of X-radiation. In previous experi- 
ments? no significant difference was found between the effects of 
400 r of X-radiation given at 200 kv. with a half-value layer of 
1.54 mm. of copper and 400 r given at 140 kv. with a half-value 
layer of 0.36 mm. of copper. It would appear, then, that the effect 
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of Roentgen.rays depends on the amount of ionization produced in 
the region of the cells and not on the wave length. Consequently, 
if there is any advantage in the use of million volt Roentgen rays it 
would have to arise from a superiority of depth dosage! or a decrease 
of skin damage." 

Note from Figures 2 and 3 that 100 n of neutron rays and 400 r 
of 220 kv. Roentgen rays had the same effect within the limits of 
error of the method on progranulocytes and on lymphocytes, and 
that the effect on lymphocytes of the same exposure to irradiation 
was somewhat greater than on progranulocytes. There also appears 
to be no significant difference between the effects on progranulocytes 
of 15 n of neutron rays and 60 r of Roentgen rays, but at first sight 
it would appear that 15 n of neutron rays has less effect on lympho- 
cytes than 60 r of Roentgen rays. However, at 96 hours the counts 
in the cultures were so low that statistical analysis shows that this 
difference is less than one standard deviation, so that it is probably 
not significant. From the data in Figures 1 and 2 it may be con- 


cluded, therefore, that the ratio of exposure, | for lymphocytes and 


progranulocytes as irradiated in the marrow cultures is approxi- 
mately 4. This value lies near the center of the range, 2 to 10, of 
reported values* for the ratio, ¢. 

Note from Figures 2 and 3 that 400 r of Roentgen irradiation with 
the 220 kv. machine and an average beta ray activity of 11.4 micro- 
curies per cc. of radioactive phosphorus acting over a 24 hour period 
had the same effect on progranulocytes and lymphocytes within the 
limits of error of the method. From these data it would appear that 
exposure over a period of 24 hours to an average beta ray activity 
of | microcurie of radioactive phosphorus per cc. has about the same 
effect as 35 r of Roentgen rays on living human lymphocytes and 
progranulocytes in marrow cultures. This is the same factor which 
was computed from physical data for the relative ionization by 
radioactive phosphorus and Roentgen rays.? Since the radiation 
with radioactive phosphorus was continuous over a 24 hour period, 
whereas the 400 r of 200 kv. X-radiation was given in the course of 
about 13 minutes, it is apparent that in this case there was little 
difference in the effect of a given amount of ionizing irradiation 
whether given in a short period of time or over a much longer period. 

The theory advanced on the basis of previous data obtained by 
the marrow culture technique would appear to fit well with the data 
obtained in these experiments. These data would appear to justify 
extending it to other wave lengths and modalities of ionizing irradia- 
tion. This theory is that the action of ionizing irradiation in the doses 
employed in clinical therapy is chiefly to inhibit the onset of mitotic 
and amitotie division in cells capable of such division. In addition, 
such ionizing radiation tends to produce somatic mutations in some 
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cells. Inthe marrow cells studied the radiosensitivity of a particular 
cell type appears to depend on the rate of cell division and the life 
span. The more frequent the cell division and the shorter the 
natural life span, the more sensitive is the cell type, and wice versa. 

If the theory of inhibition of cell division is correct, certain facts 
must follow. There should be an upper limit of dose radiation for 
each cell type, beyond which increase in the amount of radiation 
has no further effect on the slope of the curve representing the time 
rate of decrease of the population, assuming of course that the doses 
are considerably below the excessively large doses necessary to 
produce direct killing of cells. This limit would correspond to the 
complete inhibition of cell division in all cells of that type. For 
example, if the life span of the lymphocyte is assumed to be 24 hours 
and the action of ionizing radiation is only to inhibit cell division 
and not to kill lymphocytes, the slope of the curve of decrease in 
lymphocytes could never be made more precipitous than a line drawn 
from the 100 per cent line at zero time to the zero line at 24 hours. 
This point is now under investigation. Cells incapable of division 
show no effect from irradiation with exposures to this order of mag- 
nitude, except those secondary to the effects on other cells which 
could have divided and matured to this stage. This has already 
been demonstrated to be true for the neutrophil lobocytes which have 
a natural life span in marrow cultures of 48 to 90 hours*® and have 
never been observed to divide but show no significant difference 
from the counts in the control vials until after 72 to 96 hours.® 
Quantitative effects of irradiation could not be accurately evaluated 
unless the proper time were chosen. This time must be determined 
from the beginning of the period when conditions suitable for cell 
division are instituted and not from the time of irradiation, since no 
effects should be observed until the cells begin to divide. That this 
is true is shown by comparison of the curves for 400 r of radiation 
when incubation was begun immediately after irradiation? with 
those in Figures 2 and 3 when incubation was delayed. 

Summary. Controlled quantitative studies of biologic effects of 
Roentgen rays produced with 1000 kv. apparatus, of Roentgen rays 
produced with 200 kv. apparatus, of beta rays (average 600 kv.) 
emitted by radioactive phosphorus, and of neutron rays were made 
by the technique of human marrow culture. An exposure to 200 r 
of 200 kv. Roentgen rays had similar effects to an exposure to 200 r 
of million volt Roentgen rays on lymphocytes. An exposure to 50 n 
of neutron rays had similar effects to an exposure to 200 r of Roent- 
gen rays given at 200 kv. or 1 million volts. An exposure to 15 n 
of neutron rays had similar effects on both lymphocytes and pro- 
granulocytes to an exposure to 60 r and 400 r respectively of Roent- 


gen rays given at 220 kv. The exposure ratio, *, for lymphocytes 
and progranulocytes in marrow cultures is approximately 4. One 
microcurie average of radioactive phosphorus distributed through 
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1 cc. of human marrow culture acting for a period of 24 hours has an 
effect similar to 35 r of high voltage Roentgen rays on lymphocytes 
and progranulocytes. These effects and the straight line character 
of the drop may all be explained if the major action of the ionizing 
radiation is to inhibit the onset of mitotic and amitotic division of 
the cells receiving the irradiation. 


The authors are deeply indebted to Dr. J. H. Lawrence and to Dr. E. O. Law- 
rence for their codéperation and interest in this study. 
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(From the Departments of Physiology and Pharmacology, and Pathology.) 
NvuMEROUS studies of both experimental and clinical material 
have shown that rather definite pathologic tissue changes result 
from shock therapy with insulin and with metrazol. In view of the 
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recent extensive use of electrical shock in the treatment of psychoses, 
we were led to undertake the following investigation with the object 
of comparing the brain changes induced by this modality with 
those produced by the above-mentioned convulsant agents. * 


Procedure. Convulsions were repeatedly induced in a series of 12 mon- 
grel dogs by the application of an alternating electrical current. The 
equipmentf was the same as that used by the Department of Psychiatry in 
electrical shock therapy. The electrodes were applied over shaved areas 
of the skin superior to the zygomatic arch in the temporoparietal region, 
external to the motor area of the brain. Shocks were applied at a potential 
of 80 volts and a current strength of 200 ma.; the duration of the individual 
shocks was 0.15 second.t Shocks were administered at 3 to 5 day intervals. 

The total number of shocks given each animal is shown in Table 1. For 
the most part the animals were given the number of shocks which are admin- 
istered to patients. Individual animals varied considerably in respect to 
the severity of the convulsive manifestations induced by the alternating 
current applied. The variations are indicated in Table 1 by slight, moderate 
and marked, depending upon the degree and duration of convulsive seizures. 
Those rated marked lasted several minutes after the shock was applied and 
were accompanied by tonic and clonic contractions, frothing at the mouth, 
and involuntary defecation and micturition. Moderate convulsions were 
those which were quite marked during the application of the current but 
from which recovery occurred within a minute or two after the shock. 
Slight convulsions did not continue after the current was stopped. 


TABLE 1.—TABULATION OF RESULTS. 





Experiment. 
Dog. Degree of Recovery 
Protocol —_————.. Duration, No.of _ severity of interval, 
No. No. Sex. days. shocks. convulsions. days. Remarks. 
1 1 F 25 14 Marked 0 
2 2 F 46 25 Marked 129 
3 3 M 31 17 Slight to 26 
moderate 
4 4 F 53 16 Moderate 4 
5 5 F 63 18 Marked 12 
6 6 M 53 15 Marked 42 
7 7 F 15 4 Marked 0 Killed for distemper 
Ss 8 M 15 5 Marked 0 Very excitable 
9 9 M 5 2 Marked 0 Death on 5th day 
(pneumonia) 
10 10 M 15 5 Marked 0 Spontaneous death 
11 11 F 26 8 Moderate 0 Spontaneous death 
to 
marked 
12 12 F 14 5 Marked 1 


Many of the animals became quite unruly during the time the shocks 
were being given. A number of them even developed savage tendencies. 
On the other hand, dogs which were permitted to survive a number of 
weeks without the shock treatment did not exhibit any abnormal behavior 
during this recovery period. 


* A paper is in preparation dealing with the brain changes in 2 human cases 
following electrical shock therapy. 

+ Manufactured by Rahm Instrument Company, 12 West Broadway, New York. 

t Preliminary experiments showed that there was considerable variation in the 
susceptibility of dogs to the development of convulsions and that with a current of 
less than 80 volts, some of the animals failed to show convulsions at all. 
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Some of the animals in the series died during the experiment. The 
others were killed by bleeding, under nembutal anesthesia. Blocks of tissue 
from the various organs obtained at autopsy were fixed and prepared for 
histologic study by routine methods. Frontal sections were made of the 
brains and blocks were taken from frontal and temporoparietal cortices, 
basal nuclei, cerebellum, and medulla. These tissues were examined by 
the Nissl method; some of the tissues were prepared by the hematoxylin- 
eosin method and by the Loyez, Cajal, and Hortega methods. 











Fic. 1.—Small areas of cortical devastation from Dog 1 which had 14 marked con- 
vulsions. (Nissl, X 125.) 


Protocols. Doai. Brain: Changes marked. Vascular dilatation and 
petechiz. Nerve cell changes: swelling, vacuolation, extrusion of nuclei, 
paleness. Some satellitosis and neuronophagia. Numerous scattered 
shrunken elongated dark cells without clearly visible nuclei. Occasional 
circumscribed areas of recent necrosis with severe and ischemic changes— 
little glial reaction. Edema in white matter; myelin sheaths swollen and 
kinked; no definite demyelinization. Faintly basophilic grayish globules 
in white matter. Focus in subcortical white matter:small vein with round- 
cell infiltration, surrounded by dense area of proliferated oligodendro- and 
microglia. Other organs: Congestion. 

Dog 2. Brain: Moderate number of swollen, vacuolated nerve cells 
with reticular cytoplasm. Occasional small areas of devastation, with 
ghost cells. Few glia stars at site of necrotic nerve cells. Slight swelling 
of macroglia; small numbers of fibrillary astrocytes. Swelling and kinking 
of occasional myelinated fibers; no definite demyelinization. Small 
amounts of perivascular fat in white matter. Other organs: Congestion; 
slight acute pneumonitis. 

Doe 3. Brain: In cortex and basal ganglia: swelling and vacuolation 
of numerous nerve cells; delicate network of strands and granules in cyto- 
plasm of some. Nuclei generally well preserved. Numerous dark-stained 
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nerve cells. Occasional severe cell changes and ghost cells. Swelling of 
oligodendroglia in cortex. Changes disseminated, apparently independent 
of circulation. Moderately increased number of glia cells, especially 
microglia, in molecular layer of cerebellum. Purkinje cells well preserved. 
Other organs: Congestion. 

Doc 4. Brain: Widely scattered nerve cells with swollen and vacuolated 
cytoplasm and normal nuclei. Few dark-stained elongated slender nerve 
cells. Many nerve cells normal. Rarely minute cortical foci with ghost 
cells; little or no glial reaction. Vascular dilatation and petechie in few 
cortical areas. Slightly increased amounts of perivascular fat in white 
matter. Other organs: Congestion; slight acute peribronchitis. 





* 
a « 














Fic. 2.—Swelling, granular appearance and vacuolation of cortical nerve cells from 
Dog 1 which had 14 marked convulsions. (Nissl, <X 660.) 


Doe 5. Brain: Changes less pronounced than in others: some tigrol- 
ysis and vacuolation of nerve cells. Most nerve cells essentially normal. 
No glial reaction. Occasional vascular dilatation and petechie. Almost 
negligible swelling and diminished tingibility in myelinated fibers. Other 
organs: Congestion; diffuse acute pneumonitis; chronic pyelitis. 

Doc 6. Brain: Swelling and vacuolation of many nerve cells; many 
cells normal. Occasional satellitosis and neuronophagia, especially in basal 
ganglia and thalami. Vascular dilatation and recent petechie in several 
parts of cortex. Other organs: Congestion. 

Doe 7. No autopsy. 

Doe 8. Brain: Changes in numerous nerve cells in all areas: swelling, 
vacuolation, indistinct cell borders, granular cytoplasm, occasionally intra- 
nuclear granules. Occasional severe changes and ghost cells. Little or no 
glial reaction. Other organs: Congestion. 

Doe9. Brain: Damage rather severe: tigrolysis, swelling, vacuolation, 
shrinkage, granular cytoplasm. Severe and ischemic cell changes. Nuclei 
more damaged than in others; many hyperchromatic and distorted. Glial 
reaction absent or slight; some early microglial proliferation in few areas. 
Marked congestion and occasional hemorrhage in meninges. Thickening 
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of ependymal lining; some subependymal gliosis and hemorrhage. Changes 
not those of autolysis. Other organs: Congestion; pneumonia with lung 
abscesses and empyema. (Severe pneumonic infection: animal had had only 
2 electrical shocks.) 


Doe 10.—No autopsy. 

Doe 11. Brain: Dark-stained cells with “chronic” changes numerous. 
In some areas: paleness of cells, severe and ischemic changes. Glial reac- 
tion little or none. Many pyknotic nuclei. Few slightly swollen nuclei. 
Very rarely small “gliarasen.” Other organs: Congestion; aspiration with 
slight patchy pneumonia. 





lic. 3.—Sclerosed, ischemic, and granular cortical nerve cells from Dog 9 which had 
2 marked convulsions. (Nissl, X 250.) 


Doc 12. Brain: Changes diffuse, somewhat similar to but less marked 
than those of Dog 9. Occasional minute foci: paleness and ghost nerve 
cells. Most glial nuclei small and dark; occasional large pale nuclei and 
“gliarasen.”’ Few recent petechie in meninges or near ependymal lining. 
Other organs: Congestion. 


Results and Discussion. The most pronounced changes observed 
were in the brain. The cortex was more involved than the extra- 
cortical gray matter. The pathologic changes in the cortex were 
perhaps more noticeable in the vicinity of the pathway of the 
electrical current (temporoparietal cortex). 

The following outstanding neuropathologic changes were observed. 
The nerve cells showed rather widespread damage, including 
tigrolysis, paleness, swelling, vacuolation, and in some instances 
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even ischemic and “severe” changes. Satellitosis and neurono- 
phagia were found occasionally. In certain small circumscribed 
areas only pale, ischemic, ghostlike cells remained. Numerous cells 
exhibited “chronic” alterations: the cells appeared dark, slender 
and shrunken. The glia and microglia revealed slight proliferative 
changes. In a few of the animals some of the myelinated fibers 
showed slight damage, associated with a mild degree of edema in 
the white matter. The latter changes probably are of little sig- 
nificance. Vascular dilatation and minute hemorrhages were ob- 
served in the cortex, in the meninges, and around the ventricles in 
some of the brains. Congestion was the chief observation upon 
histologic examination of the other organs. The neuropathologic 
findings are similar in many respects to those of Morrison, Weeks, 
and Cobb,’ who found a tendency to hemorrhage, shrinkage of 
ganglion cells, mild reaction of glia, and absence of demyelinization. 

Although the changes described in the brain are definitely patho- 
logic, they are not to be regarded as serious. Most of the nerve cell 
nuclei remained fairly well preserved. Many of the changes ap- 
peared to be reversible. The dogs during the recovery intervals 
failed to show clinical signs of brain involvement, as measured by 
the general behavior rather than by any specific neurologic tests. 
Variation in the degree of involvement may well be influenced by 
variation in individual susceptibility and by the degree of severity 
of the convulsions. In 2 dogs (Dogs 5 and 6), which had survived 
the experiments 12 and 42 days respectively, the findings were less 
pronounced than in the other dogs, although Dog 5 had 18 and 
Dog 6 had 15 markedly severe convulsions. On the other hand, 
Dog 2, which had undergone 25 markedly severe convulsions and 
was allowed to survive the experiment for 129 days, showed decided 
changes in the involved parenchyma. In 1 animal a small vein in 
the convolutional white matter showed lymphocytic infiltration and 
was surrounded by proliferated oligodendro- and microglia. Baso- 
philic or grayish globules, observed only in the celloidin-embedded 
material, in the white matter of the same animal, are of questionable 
significance and possibly are artefacts. Similarly, the dark cells in 
the cortex may be artefacts, as recently pointed out by Scharrer.' 

The investigations of several workers indicate that the brain 
changes induced by electrical shock are partly due to the direct 
effect of the current upon the brain parenchyma and partly due to 
the effect of the current upon the cerebral circulation (Morrison, 
Weeks, and Cobb, and Alexander'). The fact that the changes tend 
to be slightly more severe in the vicinity of the pathway of the cur- 
rent suggests the possibility that the current exerts a direct action 
upon the brain parenchyma distinct from any effect upon the circu- 
lation. The findings of Morrison, Weeks and Cobb, as well as those 
of Echlin,? that the current brings about a contraction of the 
intracranial arteries, point to an involvement of the circulation in 
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the pathogenesis of the lesions. Petechiz and small foci of ischemic 
necrosis observed in the present work also suggest circulatory effects. 

For a long time it has been known that rather marked cerebral 
changes are to be found in patients with epilepsy. Recent use of 
convulsant therapy has renewed interest in the effects of convulsions 
upon the architecture of the brain. Shock therapy with insulin 
or metrazol has been shown to be accompanied by more or less 
marked pathologic changes in the brain. 

Conclusions. The present studies indicate that some degree of 
neuropathologic change is to be expected in animals given electrical 
shocks of the same strength and duration as those employed clini- 
cally. Our results suggest that histologic changes induced by elec- 
trical shock in the brains of dogs are somewhat less severe than the 
changes we found following metrazol.® 
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Ill. THE ACTION OF VARIOUS DRUGS ON PATIENTS WITH 
NORMAL INTRAMUSCULAR AND VENOUS PRESSURE.* 
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(From the Cedars of Lebanon Hospital.) 


THE action of different drugs in various shock-like states wherein 
intramuscular and venous pressures fell to a low level, was reported 
in a previous communication.! It was observed that a 25% solution 
of Pyridine-beta-Carboxylic acid diethylamide (Coramine-Ciba) 
when administered intravenously raised the lowered level up to 
the normal range. Concomitantly, the low level of venous pressure 

* At: by a grant from the Ciba Pharmaceutical Products, Inc., Lafayette Park, 
Summit, N. J. 


+ Now in military service as Lieutenant-Commander, M. C., U. 8. N. R. 
t Now in military service as First Lieutenant, M. C., U. 8. A. R. 





388 GUNTHER, STRAUSS, HENSTELL, ENGELBERG: 


was also raised. In shock-like states the range of increase in intra- 
muscular pressure was from 19 to 65 mm. H,O. The average increase 
in 14 observations was 38.5 mm. The range of increase in venous 
pressure was from 1.0 to 12.2 cm. H.O. The average increase was 
5.2 em. (Table 1). 

Our observations after the use of the drug on humans differed 
from those reported in animals? in two respects: 1, the marked 
pressor effect seen in animals was absent and, 2, there was a marked 
venous pressure increase in humans. The opposite observations 
were reported in normal animal experiments. 

In an attempt to reconcile the discrepancy of these observations, 
Coramine, as well as other drugs which we also tested in shock-like 
conditions? was administered to ward patients who were either 
convalescing or otherwise not acutely ill. The initial intramuscular 
and venous pressures of these patients were within the normal range 
of values at the outset of these experiments. The difference in response 
to Coramine, between patients with low and normal levels at the 
outset is shown in Table 1. 


TABLE 1.— DIFFERENCE IN RESPONSE TO CORAMINE BETWEEN PATIENTS WITH 
Low AND WITH NoRMAL LEVELS OF INTRAMUSCULAR AND VENOUS 
PRESSURE AT THE OUTSET. 


Mm. H:20 increase in Cm. H20O increase in 
intramuscular pressure. venous pressure. 





Least. Greatest. Average. Least. Greatest. Average. 


In shock-like conditions wherein 
initial values are atalowlevel. 19 65 38.5 1.0 12.2 5.2 


In normal subjects wherein initial 
values were within normalrange 4 43 18.5 0.7 7.6 3.5 


A1l7 and B25 (Exp. 1) had initial high intramuscular pressure 
levels; the others were within the normal range of 60 to 90 mm., 
noted by other workers.** The greatest increase in intramuscular 
pressure in normals, after Coramine was 43 mm., and the smallest 
was 4 mm., the average increase being 18.5 mm.f{ The increase in 
venous pressure was a maximum of 7.6 cm. and a minimum of 
0.7 em., the average increase being 3.5 cm. (Table 1). The pressor 
effect of Coramine was not constantly obtained. It was marked in 
the patient (A29) given 10 cc. of the drug intravenously (Exp. 1). 
In 2 apparently normal individuals, we failed to obtain the marked 
respiratory stimulation or increase of intramuscular pressure which 
characteristically follows the intravenous administration of 5 cc. of 
Coramine. The data on one such instance is shown in Experiment 2. 
In a previous communication we called attention to this discrepancy. 


* We have noted values over 91 mm. and up to 116 mm. in 10 apparently normal 
individuals on 13 occasions. These were the highest values recorded by us in approxi- 
mately 1000 intramuscular readings in 120 persons. The instruments described by 
Henderson® was used in approximately 400 readings; and that by Gunther and 
Henstell* was used in the remainder. 

+ The possible range of error in the measurement of intramuscular pressure is 
10 mm. The possible error in venous pressure measurement in a quiet and co- 
operative patient is 1 cm. 
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One patient who was in shock likewise failed to show the character- 
istic respiratory response and an increase in a lowered intramuscular 
pressure following an initial dose of 5 cc. of Coramine intravenously.! 
However, the physiologic response followed administration of 
adequate amounts of the drug. The adequate dosage varied from 
5 to 20 ce. With this exception noted, it was not necessary to 
administer more than 10 ce. 

Coramine by mouth (10 ec.) showed no change in the intra- 
muscular pressure (B25 Exp. 1). 


TABLE 2. 
Time in Intramus- 
minutes cular Venous Blood 
_ after pressure, pressure, pressure, Pulse rate COs, 
Patient; Comments. injection. mm.H2O. em.H:O. mm.Hg. permin. vols. % 


Experiment 1 on Coramine. 


Al7 Before 100 7.9 
Coramine 10 cc., intraven- 10 143 15.5 
ously 18 100 10.5 
A23 Before 69 7.6 120/80 
Coramine 5 ‘cc., intraven- 2 85 10.0 122/84 105 
ously . 7 79 8.3 : 
Then a second injection of 11 85 10.8 130/100 98 
Coramine 10 cc., intra- 23 72 9.0 114/82 82 
venously 
A27 Before 93 9.7 
Coramine 10 cc., intraven- 4 113 15.3 125 
ously 10 91 10.8 
A29 Before 90 9.1 130/90 
Coramine 10 cc., intraven- 2 106 11.1 212/148 
ously 10 100 10.1 170/114 
25 85 9.1 
B25 Before ssa 110 7.2 112/70 76 
Coramine 10 ce., orally 10 114 7.5 110/76 76 
20 110 7.9 
30 109 6.6 104/72 68 
50 107 6.5 
Experiment 2 on Coramine, Atypical Response. 
A23 75.3 7.6 118/82 
5 ec. Coramine I.V.* 2 87.3 8.7 
11 82.5 8.4 
5 ec. Coramine I.V.* 3 14 91.3 10.0 122/84 
10 24 84.5 8.3 122/84 
10 ec. Coramine I.V.* 26 
5 31 90.5 8.8 130/100 
Experiment 3 on Caffeine Sodium Benzoate. 
A43 Before 66 5.7 148/95 88 
Caffeine Sodium Benzoate, 5 66 6.8 175/110 100 
7} gr., intravenously 15 66 7.2 
A53 Before 83 8.5 130/86 78 
Caffeine Sodium Benzoate, 4 77 8.5 132/90 
4 gr., intravenously; then 10 77 9.5 
a second injection of 77 8.6 132/90 80 
15 gr. intravenously 5 15 81 12.0 150/90 124 
10 20 77 11.5 150/88 124 
75 Before 98 8.8 95/72 60 
Caffeine Sodium Benzoate, 7 103 11.8 120/90 56 
74 gr., intravenously 12 98 9.9 116/82 56 
AN4 Before 80 11.8 128/84 
Caffeine Sodium Benzoate, 5 82 15.0 190/110 
74 gr., intravenously 10 82 12.4 
A99 Before 87 5.1 126/76 80 
Caffeine Sodium Benzoate, 5 88 9.2 165/120 100 
7} gr., intravenously 10 83 re 165/98 84 
4.9 
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Time in Intramus- 
minutes cular Venous Blood 
< _ _ after pressure, pressure, pressure, Pulse rate CO:, 
Patient; Comments. inhalation. mm.H:0. cm.H:0, mm.Hg. permin. — vols. %. 
Experiment 4 on Inhalation of CO2 Gas. 
A23 Before 74 ‘ 120/76 80 
CO: stopped 5 71 
10 74 
A27 Before 80 
112 
CO: stopped 80 
75 
A29 Before 96 
COs: stopped f 114 


118/82 80 
145/95 

148/102 

145/100 


124/90 
130/90 


A43 Before 


180/112 
CO: stoppedt 


148/95 


94/70 
CO: stopped 


80/60 


128/88 
170/108 


A89 Before 


CO: stopped 
126/92 
126/90 
126/90 


15 
21 


Sr ATho ori O10 CO COCOONS DOH UNG I 


Experiment 5 on Voluntary Overbreathing. 
Time in 
Before minutes. 73 R 120/80 
3 


120/76 
Overbreathing stopped 
A27 Before 


Overbreathing stopped 
Chvostek positive 


A29 Before 


4:5 4.9 


128/94 


at He 


Overbreathing stopped 


_ 


124/88 
A43 Before 170/142 
Chvostek positive 


Chvostek positive 175/115 


NAO 


Fagging out 


162/106 
Chvostek positive 


162/110 


No OO AIC tO 
oe 


Overbreathing stopped 


° 


Chvostek positive 160/110 


Pah heeled 
we NOOr 
“Ie 


A75 Before 88/68 


Chvostek positive 
Carpopedal spasm present 


“IP to 


92/74 
Overbreathing stopped 


Spasm gone 
A89 Before 


90/70 
126/90 96 
142/90 100 


150/100 120 
138/100 100 
128/96 96 
130/95 92 


Overbreathing stopped 
Chvostek positive 
Carpopedal spasm present 


SOSSSWE WOH AA OH 
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Intramus- 
cular Venous Blood 
Time in pressure, pressure, pressure, Pulse rate COs, 
Patient; Comments. minutes. mm.H2O0. cm.H:0. mm.Hg. permin. vols. %. 
Experiment 6 on Aminophyllin. 
B27 Before 100 
Aminophyllin, 74 gr., intra- 
venously ‘ 104 
102 
101 


B29 Before 84 
Aminophyllin, 74 gr., intra- 84 
venously 81 
75 

82 


x 
_ 


102/56 68 
100/48 72 
104/64 

100/60 66 


- 
Pee HR Orr Orr 
cous + #NOO 


— 


Experiment 7 on Prostigmine. 
B27 Before 116 3 
Prostigmine 3 cc. of 1:2000 109 .8 
solution intramuscularly | 
4 
1 


100 


B29 Before 

1 ec. 1:2000 soln. intraven- 
ously 30 min. after 7} gr. 
aminophyllin intraven- 
ously 


Then a second injection of 5 { .0 Twitching; muscle fibrillation 
2 ec. 1:2000 solution in- 8 85 14.5 
travenously 13 80 14.0 

18 82 13.9 
21 81 14.5 
Then atropine sulphate 5 82 .? 


Muscle twitching ceased 
gr. sho, intravenously 10 ~=++5!1 81 13. 


Experiment 8 on Paredrine. 
B40 Before 74 
Paredrine 40 mg., subcuta- 
neously 


120/70 
140/76 


~ 
tb 


BOSOwWNwWI NOwWwMES 


170/105 
130/72 


B42 Before 

Paredrine 30 mg., subcuta- 
neously 

Headache, extrasystoles 


120/70 
200/110 
210/110 
220/112 
208/110 
194 


170/86 
150/80 


Bl4 Before 
Paredrine 20 mg., subcuta- 
neously ‘ 


132/90 


trim S 


l 
138/82 


B19 Before 
Paredrine 20 mg., intra- 
muscularly 


125/92 
128/88 


Te OW 


ee 


142/86 


B37 Before 
Paredrine 20 mg., subcuta- 
neously 


120/80 


Oo moo oN 





GUNTHER, STRAUSS, HENSTELL, ENGELBERG: 


Time in Intramus- 
minutes cular Venous Blood 

after pressure, pressure, pressure, Pulse rate CO, 

injection. mm.H2:O. cm. H:O. mm.Hg. permin. vols. %. 

Patient; Comments. 

Experiment 9 on Paredrinol. 

B31 Before 105 

Paredrinol 25 mg., subcu- 105 

taneously 105 

E 102 

103 

104 

104 

100 

95 


B39 Before 78 
Paredrinol 40 mg., subcu- f 80 
taneously 77 
71 

65 

65 

63 

60 63 


128/90 
136/100 
142/92 
154/88 
162/92 
164/98 
148/92 
142/98 
124/88 


112/76 
146/86 
148/88 
162/98 
160/90 
158/86 
146/86 
132/84 


mimCoCoCOCO ED 90000000000000NINI 
AAWONRPOYN OWOMOWWO 


Experiment 10 on Strychnine Sulphate. 
126/78 
126/76 


A999 Before 
Strychnine Sulphate ,4 gr. 5 
(I.M.), intramuscularly 10 
15 


— 
7 


moe One 


124/72 
124/72 
128/76 
126/76 


98/78 
102/78 


Then a second injection of 
* gr., intramuscularly 
(I.M.) 


A103 Before 
Strychnine Sulphate .\ gr. 
(I.M.), intramuscularly 


rook > p 


ODS 


Then a second injection of 
oy gr., intramuscularly 


tmHoOoonhts 


96/78 


OPwowlrer 


GONIGONT 


@ 
= 
> 
~) 


102/78 
98/76 


Ne wwe] 


“I 


A107 Before 
Strychnine Sulphate 15 gr. 
(1.M.), intramuscularly 


132/94 
134/92 


@o 
BRR 
www wa 


130/90 
Then a second injection of 
gr. yo, intravenously é 132/92 
2! 
6: 
* No respiratory response. 
+ Patient protesting. 


sss 
o>? oe | 
we co 


Caffeine sodium benzoate given intravenously to 5 normal 
patients (Exp. 3) showed no alteration in intramuscular ‘pressure, 
whereas, there was a transitory increase in venous pressure paral- 
leling the pressor effect. 

Inhalations of carbon dioxide gas diluted in air by the drip 
method® showed small but definite increases in intramuscular pres- 
sure and venous pressure (Exp. 4). These observations confirm 
those of Henderson e¢ al.° on normal individuals. 

Overbreathing and blowing off the alveolar CO, (Exp. 5) showed 
no alterations in intramuscular pressure in 2 instances (A23 and 
A27) and a drop of intramuscular pressure 5 minutes after the 
experiment began in | instance (A43).. Tetany was produced in 2 
patients (A75 and A89) and an increase in both intramuscular and 
venous pressures was observed. In 2 patients (A27 and A43) in 
whom a Chvostek sign was the only indication of the overventilation, 
venous pressure changes alone were observed. 
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Aminophyllin given intravenously in 3 normal patients (Exp. 6) 
did not alter either intramuscular or venous pressure. 

Prostigmine (Exp. 7) given to 1 normal patient intramuscularly 
did not alter either intramuscular or venous pressure. 

Paredrine was given to 5 (Exp. 8) and Paredrinol to 2 normal 
individuals* (Exp. 9). No changes whatever were noted in intra- 
muscular pressure up to 90 minutes. A transitory increase in 
venous pressure accompanied the pressor effect and is consistent 
with other recorded observations on these drugs.® 

Strychnine (Exp. 10) was given 6 times to 3 normal patients 
in doses from gr. 345 intramuscularly to gr. ;'5 intravenously. No 
change was observed up to 40 minutes in either intramuscular, 
venous or blood pressures. 

Discussion. The temporary venoconstriction and increase in 
venous pressure following the administration of pressor drugs such 
as Epinephrine or derivatives of Epinephrine is well known. An 
increase in venous pressure following the use of these pressor drugs 
is attributed to the indirect effect of an increase in blood pressure 
and to a direct constriction of the veins. Other factors on the effect 
of sympathicomimetic drugs and the mechanisms which cause a 
rise in venous pressure are thoroughly discussed by Iglauer and 
Altschule.® 

The thesis has been proposed by Wells e¢ al.* that intramuscular 
pressure is directly due to and dependent upon venous pressure. 
The contrary view has been taken by Henderson,!® who has pos- 
tulated the existence of a “venopressor’’ mechanism wherein the 
maintenance of venous pressure is to a large degree dependent upon 
intramuscular pressure, or as he prefers to term it, “muscle tonus.”’ 

The data presented here, as well as in our previous communica- 
tions, show an increase in venous pressure following the use of pressor 
drugs without an increase in intramuscular pressure. Contrariwise 
an increase in intramuscular pressure was always accompanied by a 
simultaneous and immediate increase in venous pressure. This 
phenomenon is constant throughout our observations. In contrast, 
the increase in venous pressure, presumably by venoconstriction 
action via physiologic agencies as shown in (Exps. 3, 4 and 8) was 
not accompanied by an increase in intramuscular pressure. The 
most striking increases in intramuscular and venous pressures fol- 
lowed the intravenous administration of Coramine. The response 
in both of these when the intramuscular pressure was within the 
normal range at the outset was not of the magnitude observed when 
intramuscular and venous pressure readings were at low levels. The 
maximum responses of intramuscular and venous pressures is seen 
in postoperative depression and in shock-like conditions.!. The 
failure to obtain an increase in venous pressure after the use of 


“ We are indebted to Dr. M. H. Nathanson for the Paredrine and Paredrinol used 


in these experiments. These data will also be used in another communication by 
Dr. Nathanson.’ 
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Coramine in animals does not correspond with the observations in 
man. 

Summary. Observations on the action of various drugs on intra- 
muscular and venous pressures are shown in normal individuals. 
The drugs which are mainly pressor in action do not alter intra- 
muscular pressure, whereas inhalations of CO, the tetanic state, 
and particularly the administration of Coramine intravenously 
definitely raise the level of intramuscular pressure. An increase in 
intramuscular pressure is accompanied by an increase in venous 
pressure, whereas the reverse was not observed. 
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IV. THE VENOPRESSOR MECHANISM DURING THE COURSE OF 
SURGICAL PROCEDURES.* 


a _ Ty 1] ~ , 
By Lewis GuNTHER, M.D., 
ASSISTANT CLINICAL PROFESSOR OF MEDICINE, COLLEGE OF MEDICAL EVANGELISTS, 
LOS ANGELES, CALIF.; ASSOCIATE SENIOR PHYSICIAN, CEDARS OF LEBANON HOSPITAL, 
. sATONTD r r ‘ el Trea 
Henry H. HeENstTeEtL, M.D., Lupwic Strauss, M.D., 
CLINIC PHYSICIAN, CLINIC PHYSICIAN, 
AND 
- , * wa ¥ _ _ ‘ 
HyMAN ENGELBERG, M.D., 
CLINIC PHYSICIAN, 
LOS ANGELES, CALIF. 


(From the Cedars of Lebanon Hospital.) 


INTRAMUSCULAR pressure drops to low levels in the early part 
of the postoperative period.! A low venous pressure was also ob- 
served within 6 hours after inhalational and 12 hours after spinal 


* Aided by a grant from the Ciba Pharmaceutical Products, Inc., Lafayette Park, 
Summit, N. J. 

Dr. Gunther is now in military service as Lieutenant-Commander, M. C., U. 8. 
N.R., and Dr. Henstell as First Lieutenant, M. C., U.S. A. R. 
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anesthesia. In severe postoperative depression and in various 
shock-like states both intramuscular and venous pressure fell to low 
levels.2. Restoration of intramuscular pressure to its normal level 
was accompanied by an immediate and striking increase in venous 
pressure, particularly after the administration of Coramine.? Veno- 
constrictor drugs, such as Paredrine, or physiologic activities such 
as overventilation without full tetany which increased venous 
pressure, did not affect intramuscular pressure; nor was the increase 
in venous pressure as prolonged or as great by these agents as that 
which occurred when the intramuscular pressure was increased by 
Coramine.* This drug, related to the nicotinic acid fraction of the 
B vitamin* also acts as a venoconstrictor. The other factors which 
alter the level of venous pressure have been discussed by Iglauer 
and Altschule.6 Henderson’s postulates of the venopressor mech- 
anism‘ are satisfied in the observations that (a) a low venous pressure 
and a low intramuscular pressure occur together in shock, and (b) 
a low venous pressure is markedly raised by an increase in intra- 
muscular pressure, and (c) venous filling and clinical improvement 
in shock-like states appears after the use of an intramuscular 
pressor drug such as Coramine. 

Problem. Does the converse of these observations hold true? 
Is a fall in intramuscular pressure immediately followed by a fall 
in venous pressure? Where, during the course of operation does 
the depression in vitality and/or the fall in intramuscular pressure 
occur? 

Method. The apparatus described by Gunther and Henstellé 
permitted the rapid and repeated simultaneous readings of intra- 
muscular and venous pressures without interfering with the sterile 
technique of operative procedures. Observations were made on 
10 patients; 4 during the entire course of the surgical procedure; 
5 before and immediately following operation; 1 wherein the patient 
entered into shock during the course of a pericardial thoracentesis. 

Results. The earliest drop in intramuscular pressure (a drop 
over 10 mm. H.O) during the course of surgery was detected 50 
minutes after the beginning of the operation and 60 minutes after 
the anesthesia was begun. The extremes of the initial drop in intra- 
muscular pressure varied from 10 to 65 mm. H.O and values over 
16 mm. H.O were associated with a drop in venous pressure of from 
2.9 to 6.9 em. H.O. 

After its initial fall, intramuscular pressure continued to drop 
and reached its maximum low level within the extremes of from 
50 minutes to 20 hours. Seven of the 8 operative patients showed 
the maximum drop in 12 hours or less, confirming our previous 
observations.! 

The earliest change in venous pressure during surgery occurred 
50) minutes after the beginning of the operation (Fig. 1). In 4 out 


* Coramine is a 25% solution of Pyridine-beta-carboxylic acid diethylamide. 
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of 7 instances, the drop in venous pressure was concomitant with 
the initial fall in intramuscular pressure, and in 3 patients the intra- 
muscular pressure fell first, the venous pressure later. 
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Fic. 1.—Hysterectomy. Fall in intramuscular pressure during surgery, preceding 
the drop in venous pressure. The maximum fall in venous pressure occurred 2 hours 
after the beginning of the operation and coincided with the moment of maximum drop 
in the intramuscular pressure. 


Venous pressure Cm-H, 0, 


5 


Intramuscular pressure Mm.H,0 
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«-Needle inserted 
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el ing. 
— VP excursions 
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Fluid obtained 


200 cc. Fluid removed 
_ Schock 





Fic. 2.—Pericardial thoracentesis for patient with pericardial effusion and heart 
failure. Intramuscular pressure dropped within 5 minutes after the pericardium 
was pierced. A shock-like state appeared promptly which was pronounced 20 minutes 
later when the maximum fall in venous pressure appeared. 
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In all patients, however, in whom intramuscular pressure had 
been low for 50 minutes or longer, a maximum fall in venous pres- 
sure occurred. This coincided with the time of the maximum fall 
in the intramuscular pressure. The maximum drop in intramuscular 
pressure varied from 20 to 64 mm. H.O and the venous pressure 
from 3.2 to 12.2 em. H,O (Table 1). 

In 2 instances in which the change in intramuscular pressure 
was 10 mm. or under, no alteration occurred in the venous pressure* 
(Fig. 2). 

During the course of the pericardial thoracentesis intramuscular 
pressure was found at a low level within 5 minutes after the peri- 
cardium was pierced, and a deep state of depression and a fall in 
venous pressure occurred within 20 minutes. This was the earliest 
change in the venous pressure observed by us. The venous pressure 
dropped 3 cm. below the initial preoperative level, and 95 cm.. 
below the highest value obtained during the thoracentesis (Fig. 2).+ 

The types of operation were encephalogram, cord tumor, fusion 
of the spine, radical mastectomy, nephropexy, hysterectomy, 
cholecystectomy, and pericardial thoracentesis. 

The least changes in the venopressor mechanism occurred during 
a hysterectomy, and a radical mastectomy (Fig. 3.) The intramus- 
cular pressure fell 25 and 16 mm. H,0O respectively and the venous 
pressure but 1 cm. H.O.{ The greatest changes were during cholecys- 
tectomy, which showed a fall of 64 mm. H.O in intramuscular pres- 
sure and 7.9 cm. H,O in venous pressure. In contrast to the first 
case, a second instance of hysterectomy showed a fall of 56 mm. 
H.O in intramuscular pressure and 7.7 cm. H.O in venous pressure. 

Discussion. Intramuscular pressure begins to drop in surgical 
procedures of 50 minutes or longer duration. A simultaneous fall 
in venous pressure was observed in half the cases and in half of the 
observations a fall in intramuscular pressure preceded the drop in 
venous pressure. Furthermore when the intramuscular pressure 
remained low or continued to drop for a period of 50 minutes or 
more, the venous pressure also continued to fall and showed its 
maximum drop at the time when the intramuscular pressure was 
at its lowest level. The speed with which postoperative depressions 
occur is due to factors which do not lend themselves to analysis by 
these measurements. The 4 patients studied during the course of 
surgery, as well as in the period of postoperative depression, all 

* The error of the method on consecutive readings is a range of 1 cm. 

+ It is appreciated that the fall in venous pressure might be due to the withdrawal 
of pericardial fluid. However, the drop in venous pressure which occurred after a fall 
in intramuscular pressure had taken place, is strikingly parallel to the phenomena 
observed’ in postoperative depression, and in other shock-like states, wherein a similar 
fall in venous pressure occurs after the intramuscular pressure drops. This is seen 
in patients who are in shock-like states and not in heart failure. The decrease in 
venous pressure cannot be attributed to a withdrawal of pericardial fluid. 


t The range of variation and error allowed in any series of venous pressure measure- 
ments is 1 cm. 
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showed an initial fall in intramuscular and venous pressure after 
50 minutes of surgery and a further decrease in these values in from 
50 minutes to 12 hours. The patient who entered into a shock-like 


htramusewlar presw ue Mm. 1,0 Venous pressure Cm H,0 
nN 


a co) 
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nn End of operation 
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Fic. 3.—Radical mastectomy. Gradual decrease in intramuscular pressure after 
40 minutes and outside the limit of error of the method of measurement after 50 min- 
utes. Spontaneous recovery of intramuscular pressure, within limit of error of 
measurement, 2 hours postoperatively. The venous pressure measured 2 hours 


postoperatively had dropped only 1 cm. likewise just within the limit of error of 
measurement. 





wine qoute ular os Mm.H,0. Yeoeus pressure C Co. 10. 





: Operation- 
| he. lOrnia. Operation ended. 


92 hes. 





lia. 4.—Showing the typical findings, summarized, of the course of surgical 
procedures. Operation, encephalogram. Intramuscular pressure begins to drop 
after 50 minutes, or in the neighborhood of 1 hour, precedes the fall of venous pressure, 
and both show their maximum drop concomitantly. 


state during pericardial thoracentesis did so with great rapidity, 
aid his intramuscular pressure dropped within 5 minutes and 
venous pressure within 20 minutes after the pericardium was 
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pierced. The occurrence of a drop in intramuscular pressure cor- 
responds closely to the moment when vitality begins to ebb, as 
evaluated by the clinical eye.* 

Conversely, as we pointed out before,!? a return of intramuscular 
pressure values to normal coincided with the spontaneous recovery 
in the uncomplicated postoperative course. Contrariwise, the 
patients who entered into shock postoperatively did not recover 
intramuscular pressure. It remained at a low level throughout the 
period of the postoperative depression and into the shock-like state. 
At this juncture of the clinical picture, when the intramuscular 
pressure was at its lowest level, the veins were collapsed and needles 
were inserted with difficulty. An induced restoration of intramus- 
cular pressure, by the use of Coramine, restored venous pressure, 
resulted in venous filling and: coincided with rapid though not 
permanent clinical improvement. 

Summary. In 4 patients studied during the course of operative 
procedure under inhalational anesthesia, intramuscular and venous 
pressures dropped after 50 minutes of surgery. Within 50 minutes 
to 12 hours after the initial fall, the maximum decrease occurred in 
both intramuscular and venous pressures. In 2 patients studied 
during the course of operative procedure, the fall in intramuscular 
pressure preceded the decrease in venous pressure by 1 to 12 hours. 
In 1 patient with congestive heart failure undergoing pericardial 
thoracentesis, the fall in intramuscular pressure preceded the drop 
in venous pressure by 20 minutes and occurred within 5 minutes 
after the pericardium was pierced—after which time the patient 
rapidly entered into a shock-like state. Two patients observed 
within 9 hours after nephropexy whose intramuscular pressure 
change was 10 mm. showed no alteration in venous pressure. 

Conclusions. 1. After 50 minutes of continuous surgery a drop 
in intramuscular pressure may precede the fall in venous pressure. 
In half the instances the low level of venous pressure coincided 
with the initial drop in intramuscular pressure. 

2. When intramuscular pressure falls and remains low for 50 
minutes or longer, a further decrease in venous pressure occurs 
which reaches its maximum low point concomitantly with the 
maximum drop in intramuscular pressure. 

3. Intramuscular pressure fell 5 minutes before the shock-like 
state began and the venous pressure with its full appearance 20 
minutes later during a pericardial thoracentesis, and 

4. Further evidence is presented which supports Henderson's 
postulate in that: (a) intramuscular pressure first fails in shock- 
like states, and (b) with the failure of intramuscular pressure 
appears a failure in the maintenance of venous pressure and flow. 


* Shock is defined by Webster’s new International Dictionary, 2d ed., unabridged, 
Springfield, Mass., G. & C. Merriam Company, 1941: ‘A state of profound de- 
pression of the vital processes of the body ... .” 
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THE ACTION OF STEROID COMPOUNDS ON THE VAGINAL 
EPITHELIUM OF THE RAT. 


By ELEeANor CLARKE, M.A.* 
AND 


Hans Serve, M.D., Ps.D., D.Sc., F.R.S.(C.), 


ASSOCIATE PROFESSOR OF HISTOLOGY, MC GILL UNIVERSITY, 
MONTREAL, CANADA. 


(Frem the Department of Anatomy.) 


CoRNIFICATION of the vaginal epithelium is generally thought to 
be the most specific indicator of “estrogenic” or folliculoid activity, 
while mucification of the epithelium is regarded as a sign of a “cor- 
pus luteum hormone-like” or luteoid effect. Although the estrane 
derivatives are the outstanding representatives of that group of 
steroids exhibiting primarily folliculoid actions, a few “ exceptional”’ 
androstane or allo- pregnane derivatives have been reported as 
showing to some extent this type of activity. With regard to these 
latter compounds the literature is highly confusing since in most 
instances the vaginal cornification observed by some workers could 
not be reproduced by others. For testosterone and ethinyl testos- 
terone it has been shown (1) that the reason for this disagreement 
lies in the fact that the vagina of spayed rats treated with these 
steroids undergoes a transitory cornification followed by mucifica- 
tion. Noble! observed a transitory appearance of cornified cells in 
the vaginal smears of testosterone treated rats, but concluded that 
the significance of the “estrus response is probably doubtful and may 
be related to the collection of epidermal débris which occurs, espe- 
cially in view of the fact that the clitoris region undergoes extensive 
cornification.”” However, our above-mentioned findings, obtained 
by examination of histologic sections through the vagina, proved 


* This work was done under the tenure of the Aletta Marty Memorial Scholarship 
awarded by the Queen’s Alumnz Association. 
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that this interpretation is incorrect and that a true transitory 
cornification occurs. On the other hand, it should be emphasized 
that conversely typical folliculoids, such as estradiol or estrone, may 
cause mucification instead of the usual cornification if they are 
administered in subthreshold doses. Hence it has been concluded 
that mucification and cornification are closely allied phenomena 
produced by a number of steroids but that neither one nor the other 
type of reaction is absolutely specific for any one compound.’ 
These investigations appear to indicate that the type of vaginal 
reaction—cornification or mucification—is dependent upon a vari- 
ety of factors influencing the responsiveness of the epithelium and 
not merely upon the chemical structure of the compound given. 
In the fight of these findings vaginal cornification and mucification 
are not as specific of folliculoid and luteoid activity, respectively, 
as has previously been thought. The responsiveness of the vaginal 
epithelium is of great value, however, in spotting hormonally active 
steroids, since it was found that stratification of the vaginal epithe- 
lium, with or without cornification or mucification of the surface 
layer, is a pharmacologic action common to all hormonally active 
steroids.” 

The object of the present communication is to report upon the 
vaginal effect of 49 steroids. On the basis of these studies an effort 
is made to correlate the chemical structure of these compounds 
with their effect on the vagina. 


Experimental. All steroids were administered either in true solution or 
in fine crystalline suspension depending on their solubility. The relevant 
experimental details are mentioned in the following two tables which are 
almost self-explanatory. Table 1 summarizes our observations on ovariec- 
tomized rats receiving the different compounds subcutaneously twice daily 
in 0.1 ml. of peanut oil. Table 2 contains the results of acute experiments 
in which the steroids were administered by a single intraperitoneal injection 
in peanut oil to partially hepatectomized immature rats weighing 40 to 
60 gm. (average 44 gm.). This second series was originally performed for 
the study of the anesthetic effect of steroids and it is for this reason that 
sensitization by partial hepatectomy and the intraperitoneal route of ad- 
ministration were chosen. However, since in all cases histologic sections 
of the vagina have been examined, the material is quite satisfactory for 
the problem under consideration in this study. For the details of the 
technique of hepatectomy and the acute hormone overdosage, as practised 
in this second series, the reader is referred to the paper of Selye.2 The full 
systematic nanie of each steroid is given in order to avoid confusion. Under- 
neath the common name appears in block letters in those cases in which the 
compound is generally referred to by a popular name. The melting point 
of the sample available to us was determined in our laboratory and is given 
in the table as an indicator of the degree of purity of the sample and also 
because it facilitates identification of the compound wherever there is 
doubt about several possible isomerids. If only small amounts of a steroid 
were available the number of animals used was necessarily small and treat- 
ment had to be short. Hence many of these, not readily obtainable sub- 
stances, could be tested only in acute experiments. All these details, as 
well as the body weight of the experimental animals, are recorded in our 
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tables. The state of the vaginal epithelium, as indicated by histologic 
examination of paraffin embedded hematoxylin-eosin stained sections, is 
described in the last 3 columns of the tables under the subheadings of strati- 
fication, cornification and mucification. The degree of each of these 
changes noted is expressed in terms of an arbitrary scale ranging from 0 to 3. 
0 means identical with untreated controls, 1(?) is a questionable effect, 1 a 
definite but very slight effect, 2 a marked effect and 3 the greatest change 
observed. These numbers represent average readings in which all animals 
of a certain group are taken into account. Whenever some animals in a 
group responded differently from the rest, a figure in brackets indicates the 
number of animals in the group which responded in this particular fashion. 
For instance in the case of the first compound of Table 1 the reading: 
“stratification 3, cornification 3(1), mucification 0” means that maximal 
stratification was seen in all animals of the group, but only a single animal 
showed maximal cornification, while none exhibited any trace of mucifi- 
cation. Wherever the available evidence convinced us that a compound 
has a definite vagina stimulating effect of any type, the figures in the table 
are given in block letters. 


The most striking fact which emerges from a study of our tables 
is that all hormonally active steroids cause some degree of vaginal 
cornification in the spayed or immature rat irrespective of their 
main pharmacologic action. The great majority of the compounds 
examined cause only transitory cornification followed by mucifica- 
tion. Apart from the active estrane derivatives—which have not 
been included in our tables—only A*-androstenediol (Cpd. 4), de- 
hydro-iso-androsterone (Cpd. 5), its acetate (Cpd. 6) and pregneno- 
lone (Cpd. 14) maintained the vagina continually cornified. With 
all other compounds mentioned the phase of cornification was fol- 
lowed by mucification. In many instances parts of the vagina were 
mucified while other regions showed definite cornification. 

Only little can be said about the correlation between chemical 
structure and vaginal effect. As shown by the above-mentioned 
examples of compounds 4, 5, 6 and 14, both androstane and 17-ethyl 
androstane derivatives can imitate the estrane derivatives in caus- 
ing continuous vaginal cornification. However, this is not true of 
the great majority of the active compounds which cause only transi- 
tory cornification followed, or accompanied, by mucification. On 
the basis of these observations it appears necessary to reéxamine 
many of the steroids whose “folliculoid” effect has been postulated 
merely on the basis of short-term vaginal smear tests. 

The presence of a hydrogen at C; in a position cis to the Cy 
methyl group (as in etiocholane and pregnane derivatives) invari- 
ably interferes with the vagina stimulating action of the steroids. 
This is in agreement with the more general concept (2) that such 
compounds are devoid of any known hormonal action although 
they may be very potent with regard to their anesthetic effect. 

A five-membered ring D is not essential for the vagina stimulating 
action as shown by the two isomeric chrysopregnene derivatives 
(Cpds. 28 and 29) in which ring D is six-membered. Compounds 
having a long side chain at Ci; proved inactive but this may be due 
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to the fact that all the long side chain compounds available to us 
had no oxygen in the immediate vicinity of the C1; pole of the mole- 
cule. 21-ethyl-progesterone (Cpd. 19) indicates that at least a 
butyl side chain at Cy; is not incompatible with hormonal activity 
as long as there is an oxygen at C2 in the immediate vicinity of the 














Fic. 1.—Vaginal epithelium of untreated immature rat. Cells are irregular in 
shape and form only 2 to 3 layers. 

Fic. 2.—Vaginal epithelium of immature rat 24 hours after the intraperitoneal 
injection of 5 mg. of progesterone. Note the high stratified squamous epithelium 
with the formation of cornified scales on the surface. 

Fic. 3.—Vaginal epithelium of immature rat 24 hours after the intraperitoneal 
administration of 5 mg. of a-estradiol. Note the high squamous epithelium which 
at this time shows no signs of cornification. 

Fic. 4.—Vaginal epithelium of immature rat which received the same treatment 
as that shown in Figure 3. In this instance the surface layers underwent mucifica- 
tion. It should be noted, however, that judged by other experiments, in both these 
cases cornification would have ensued if estradiol treatment had been prolonged. 

Fic. 5.—Vagina of immature rat given an intraperitoneal injection of 10 mg. of 
acetoxypregnenolone (Cpd. 15). Note definite layer of cornified cells underneath 
the surface stratum of mucified cells. 

Fic. 6.—Vagina of an immature rat which received the same treatment as that 


own in Figure 5. The epithelium at the depths of the crypts is mucified and at the 
pe ate: of the ridges cornified. 








408 CLARKE, SELYE: THE ACTION OF STEROID COMPOUNDS 
’ 


side chain attachment. We were surprised to note that allo-preg- 
nane caused moderate but definite vaginal stratification since this 
appears to indicate that oxygen-free parent hydrocarbons may also 
exert hormonal actions. However, the amount of this compound 
available to us was sufficient for 2 rats only and hence we do not 
feel justified to draw the important conclusion that oxygen-free 
molecules can cause vaginal cornification. 

It appeared of interest to us that many of the compounds which 
we examined simultaneously caused cornification in one area and 
mucification in another region of the vagina. Frequently the top 
layers of the epithelium were mucified, while the deeper layers 
showed definite cornification (see Fig. 5). In other instances the 
depths of the vaginal crypts were mucified, while the more exposed 
ridges showed cornification (see Fig. 6). These observations and 
the well-known fact that repeated local injuries to the vaginal 
epithelium may cause cornification even in spayed rodents appear 
to support the concept that incidental local factors may determine 
the type of vaginal response caused by a steroid of a certain chemical 
structure. In order to test this hypothesis we performed an experi- 
ment on 6 spayed albino rats (weighing 122 to 156 gm.) in which 
the vagina was mechanically distended by filling it with small 
glass beads and occluding the vulvar orifice with a purse-string 
suture. These animals as well as 6 spayed controls (132 to 158 gm.) 
were then treated with 5 daily subcutaneous injections of 5 mg. of 
progesterone dissolved in 2.5 ml. of peanut oil. On the day follow- 
ing the last injection the animals were killed and their vaginas 
sectioned. While the controls showed vaginal mucification, the 
animals whose vaginas had been distended exhibited marked strati- 
fication and cornification, under the influence of progesterone treat- 
ment. It is true that partial or transitory cornification occurs even 
in otherwise untreated progesterone injected animals (see Fig. 2) 
but this is invariably accompanied or followed by mucification. 
In the present experiment mechanical distention of the vagina com- 
pletely inhibited mucification in the case of all animals, thus indi- 
cating that local factors are of the utmost importance in determining 
the type of vaginal response to a prevailingly mucifying steroid such 
as progesterone. The fact that even active estrane derivatives 
may cause vaginal mucification under certain experimental condi- 
tions has been mentioned previously in this paper (see Fig. 4). 
Prior to cornification of the surface layers such compounds may 
cause the development of a stratified squamous, but not cornified, 
epithelium (see Fig. 3). Thus it is evident that all known hormon- 
ally active steroids (folliculoids, luteoids, corticoids, testoids) which 
have been tested, stimulate the development of the vaginal epithe- 
lium and may, depending upon the conditions of the experiment, 
cause mere stratification, stratification with cornification, or strati- 
fication with mucification. 
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Summary and Conclusions. A study of the vaginal effect of 
49 steroid compounds on ovariectomized or immature rats reveals 
that all hormonally active steroids (folliculoids, luteoids, corticoids, 
testoids) stimulate the vaginal epithelium to undergo stratification, 
cornification and mucification. While cornification is the most 
common type of response to estrane derivatives, mucification is 
more frequently seen following treatment with androstane and 17- 
substituted androstane derivatives; but even the latter compounds 
elicit at least transitory cornification. All etiocholane and 17-sub- 
stituted etiocholane derivatives proved inactive unless the C; hydro- 
gen was removed by the presence of a A‘ or A® double bond. 

Local factors play an important part in determining the histo- 
logic type of vaginal response caused by a certain steroid. Thus 
mechanical distention of the vaginal walls causes a dose of proges- 
terone, which normally elicits mucification, to produce cornification. 

On the basis of our observations we are inclined to believe that 
incidental factors determine the type of the vaginal response to 
steroid compounds but that some type of proliferation of the surface 
epithelium is an action common to all steroid hormones. 
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BENEFICIAL EFFECT OF CORAMINE. 


By I. Snapper, M.D., 


PROFESSOR OF MEDICINE, 


Irvine K. C. Cau, M.D., 


ASSISTANT IN MEDICINE, 
AND 


TEH-YUEH CHENG, M.D., 


ASSISTANT IN MEDICINE, 
PEIPING, CHINA. 
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[Nn marked contrast to the rarity of poisoning with opium and its 
derivatives in America! and Europe? is the experience in the Peiping 
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Union Medical College Hospital where patients with acute opium 
poisoning belong to the most frequent emergency cases. For the 
last 10 years the number of our patients with opium poisoning has 
steadily increased and lately it has reached remarkable dimensions 


(Table 1). 


TABLE 1.--NumBeER or Cases or Optum PotsoNinG ADMITTED. 


No. of cases 


of opium 
Period. poisoning. 
July 1, 1930—June 30, 1931 : 1. Ee ae ey PRE Ee BAR WE ee ae 14 
a4 1931- < 1932 ; 25 
1932-— - 1933 tek 41 
s 1933- en 1934 wire 26 
ri 1934— = 1935 aes 44 
sas 1935- - 1936 Aid 42 
, 1936— # 1937 : 48 
- 1937- - 1938 62 
- 1938-— x 1939 ' : 98 
- 1939- - 1940 er . 108 
April, 1941-Nov.4, 1941 Sigs b omg : 141 


Fortunately early intervention in the form of gastric lavage with 
diluted KMnO, solution (, 457) saves the lives of most of these 
patients, especially if the amounts of opium taken are not too large. 
If coma can be prevented by this or other measures, danger usually 
does not exist. In 1938 to 1939 no patient with opium poisoning 
without coma died. In 1939 to 1940 only 2 such patients died 
without coma. 


TaBLE 2.—MortTa.tity or Coma Dve To Acute Opium PoIsoNING BETWEEN 
1930 AND 1940. 


Total num- Total num- 


ber of opium __ ber of coma Mortality of 

Year. poisoning. cases. Deaths. coma cases. 
1930-1940. ann ah 6 169 120 71.0% +3.4 
1930-1938 _ . 302 91 61 67 .0% +4.9 
1938-1939 ; 98 39 29 74.4% +6.9 
1939-1940 } 103 39 30 77.0% +6.7 


The prognosis of acute opium poisoning is however very serious 
as soon as coma sets in. During the period July, 1930 to July, 1940, 
503 cases of opium poisoning were accepted for treatment in our 
emergency clinic (Table 2). In 169 patients coma developed. Of 
these, 120 (71%+3.47) died. In 1939 and 1940 the incidence of 
opium poisoning increased considerably. Table 2 shows that during 
these:2 years the mortality of the coma cases was somewhat but not 
significantly increased. Of the 302 cases of opium poisoning observed 
between 1930 and 1938, 91 went into coma, 61 of whom died (67% + 
4.9). Of the 98 cases of opium poisoning observed in 1938 to 1939, 
39 cases went into coma, 29 of whom died (74.4% +6.95). In 1939 
to 1940, again 39 cases with coma due to opium poisoning were ob- 
served, 30 of whom died (77% +6.74). 

Until April, 1941, the following routine for the treatment of opium 
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poisoning was followed: 1, Evacuation of the stomach by gastric 
lavage with several liters of dilute potassium permanganate (z7/57). 
2, Administration of an antidote, usually charcoal, a laxative (mag- 
nesium sulfate) and high colonic irrigation. 3, Stimulation of the 
heart action by hourly caffeine injections. 4, Every patient with 
a depression of the respiration below 8 per minute was placed in a 
Drinker apparatus. 

The emptying of the stomach by gastric lavage presents an impor- 
tant problem because in these patients the gastric lavage often leads 
not only to aspiration pneumonia but also to fatal damage of the cir- 
culation. The general rule that comatose patients should not be 
lavaged cannot be followed in opium poisoning. In this condition 
pyloric spasm usually sets in and considerable amounts of the in- 
gested opium are still in the stomach long after the coma has started. 
Under these circumstances gastric lavage is vitally necessary even 
in comatose patients. On the other hand the danger of aspiration 
pneumonia is in hardly any other condition greater than in opium 
poisoning, and at the autopsy of patients with opium poisoning 
extensive bronchopneumonia is nearly always found. Many of the 
patients who in 1938 and 1939 survived had to go through a stormy 
period of bronchopneumonia or lung abscess, or both. 

There are two other factors which complicate the gastric lavage. 
It has already been mentioned that sometimes patients are still con- 
scious when admitted to the emergency ward, but become deeply 
comatose during the gastric lavage. This curious experience is not 
too rare and may perhaps be explained in the following way. 

At the time when these patients with opium poisoning are still 
conscious, the function of their respiratory center is already de- 
pressed. The hypernea which follows the introduction of the 
stomach tube and the gastric lavage with several liters of KMnQ, 
solution causes a certain amount of acapnia, sufficient to induce 
cessation of respiration in these patients with a damaged respiratory 
center. 

In opium poisoning the emphasis has been so much laid upon the 
respiratory disturbance that not enough attention has been given to 
the cardiovascular disturbance which is always present in this condi- 
tion. The considerable increase of the venous pressure which has 
been observed in experimental animals with morphine poisoning 
(Gremels*) is a constant feature in our patients with coma due to 
opium intoxication. The gastric lavage, which is usually accom- 
panied by gagging and struggling, must be highly deleterious to the 
damaged heart of these patients and may well precipitate the onset 
of pulmonary edema. 

This dilemma—the necessity of emptying the stomach and the 
possibility of damaging the patient either by inducing coma or 
pneumonia or heart failure—has caused us much worry. In 1939, 
we had such a continuous series of bronchopneumonia that we de- 
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cided to empty the stomach in such cases exclusively by way of a 
nasal tube. The stomach is lavaged with multiple small amounts 
of potassium permanganate solution and the solution is allowed to 
drain out gradually before new permanganate solution is introduced. 
This method requires a longer time than lavage by means of a 
ordinary stomach tube; but we have the impression that by this 
technique the chances for an aspiration pneumonia and for cardiac 
damage have been reduced considerably. The administration of 
potassium permanganate solution is continued until the solution 
returns unchanged. As long as opium is present in the stomach, the 
fluid drained from the nasal tube turns yellow due to the reducing 
properties of the opium. 

Until April, 1941, when new methods of treatment were intro- 
duced we had to use the Drinker apparatus in the majority of the 
comatose cases of opium poisoning. We have had days when our 
two Drinker apparatus were both in use at the same time for 
patients with opium poisoning, so that when a third case arrived 
we had to take out the patient whose respiration was the least 
depressed in order to accommodate the newcomer. 

It is remarkable that the artificial respiration in a Drinker appa- 
ratus evidently does not influence the mortality of opium poisoning. 
It is possible that the patients with complete cessation of respiration 
can be kept alive for some time but ultimately death cannot be 
warded off. In 1934, our first “mechanical lung” was installed, but 
the statistics from 1930 to 1934 and from 1934 to 1940 do not show 
any difference in mortality, whether all the cases of opium poisoning 
or only the coma cases are considered (Table 3). 


TABLE 3.—No INFLUENCE OF USE OF DRINKER APPARATUS (INTRODUCED END 1934) 
oN Mortarity in Coma DvE To Opium PoIsonINa. 


Total Coma 
Years. cases. cases. Deaths. 
CO a eee eae ee! 30 19 
63.3% +8 .8 
1934-1938 ... eee 61 42 
69.0% +5.9 
SO 78 59 
75.6% +4.9 


Therefore, notwithstanding all these efforts the mortality of the 
patients with opium poisoning after coma had set in, was and re- 
mained at the depressingly high level of 70% to 80%. Lately we 
have tried other methods. 

An effective treatment of acute opium poisoning has to cover 
three main points: 1, to counteract depression of the respiratory 
center; 2, to prevent pneumonia; 3, to heed cardiovascular damage 
due to opium. 

We have different drugs at our disposal which reputedly have a 
specific stimulating effect upon the respiratory center. One of these 
drugs, lobelin, which works favorably in opium poisoning of the 
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experimental animal, we have tried repeatedly but without success. 
Of the newer respiratory stimulants three have to be mentioned, 
namely, coramine, cardiazol or metrazol, and picrotoxin. 

Picrotoxin has an excellent effect in barbiturate and avertin intoxi- 
cation but in experimental opium poisoning, coramine and metrazol 
are more potent stimulants of the respiration. Of these two drugs 
coramine seems to be the more advisable. Both drugs must be 
given in considerable amounts in order to obtain effect in opium 
poisoning, and in these quantities both drugs may give rise to con- 
vulsions. Although in opium poisoning this convulsive action is 
largely reduced, still it seems preferable for clinical purposes to use 
coramine which gives a wider margin between the curative and the 
convulsive dose than metrazol. 

Coramine, a pyridine derivate—the diethylamide of pyridine 
carbonic acid—was introduced around 1924 as a stimulant for the 
heart action. The opinions about the merits of coramine as a 
cardiac stimulant are still divided.4**.7_ For our purpose the action 
of coramine on the respiratory center is important. Already in the 
first publication about this drug Uhlmann* emphasized that the 
depression of the respiration caused by morphine poisoning in the 
rabbit can easily be neutralized by coramine. After the administra- 
tion of coramine the deeply narcotized animal wakes up and seems: 
completely normal. The action of coramine, however, is of shorter 
duration than that of morphine and therefore it is usually necessary 
to repeat the injection of coramine. In view of these experimental 
results Uhlmann advised trying coramine in morphine poisoning. 
The experiments of Maloney and Tatum? published in 1931 and of 
Gremels* agree with Uhlmann’s results. 

Probably due to the rarity of opium and morphine poisoning in 
the West only a few casuistic reports have appeared in the literature 
about favorable results of coramine treatment in opium poisoning 
(Lethaus,° Gotsch"). In the literature the emphasis is put upon 
the curative action of coramine in avertin accidents (Killian,” 
Kennedy’), and in barbiturate poisoning (Schula,’* Das”). For 
barbiturates picrotoxin and cardiazol seem to be more effective 
than coramine (Burstein and Rovenstine,! Maloney"). 

In view of the experimental results of Uhlmann, Gremels, Maloney 
and Tatum, and of the scattered favorable reports in the clinical 
literature, we have tried since April, 1941, to treat patients with 
coma due to opium poisoning with intravenous, sometimes intra- 
muscular injections of large quantities of coramine.* The intra- 
venous administration of one or more injections of 5 cc. of the com- 
mercial solution of coramine (25%) to a patient who is comatose 
ue to opium poisoning, is often followed by a remarkable improve- 
iment. A patient whose respiration is depressed to one or two super- 
ficial sighs per minute, who is deeply comatose and cyanotic, some- 

* Put at our disposal by the Ciba Company, Summit, N. Y. 
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times wakes up immediately after the first injection. However, if 
the case is serious this treatment has to be repeated several times at 
intervals of a few minutes. 

Slight convulsive action may result but usually only a certain 
amount of rigidity is observed. Most of the patients treated with 
large doses of coramine experience severe itching of the skin and the 
eyes. It happens that after a few hours drowsiness sets in again, 
but a new injection which now can be given intramuscularly is 
usually sufficient to wake the patient up. 

In opium poisoning constriction of the pupils is one of the most 
constant signs. When this constriction gives way to dilatation, 
evidently the very last stage of the poisoning has set in. By then, 
not only the respiratory center but other centers must have become 
affected and coramine is no longer of avail. The same holds true 
for the majority of the patients who present symptoms and signs of 
lung edema. 

Left-sided heart failure evidenced by tachycardia and lung edema 
occurs especially in patients who as is often the case in Peking have 
already been “treated’’ before they are admitted. In some cases 
reviving drugs, sometimes also potassium permanganate solution, 
have been forced down the throat of the comatose patient. In 
another instance the coma was first thought to be due to CO poison- 
ing and the patient had been exposed to cold for 2 hours before she 
was brought to the hospital. However, the patients who were 
really lavaged outside the hospital, but without the precautions 
mentioned above, were often admitted with lung edema. Such 
patients are usually only temporarily revived by the coramine treat- 
ment. They wake up, may even talk, the respiration improves, 
but many of them die after 4 to 5 hours notwithstanding our thera- 
peutic trials under progressive tachycardia and continuous lung 
edema. In these cases the damage to the circulation has evidently 
been so serious that no repair is possible. Only exceptionally vene- 
section and intravenous administration of digitalis and ouabain, 
combined with the coramine treatment, have been able to ward off 
the fatal outcome. 

In order to save also the severest cases of coma due to opium 
poisoning the coramine treatment must be supplemented with other 
measures and precautions. 

We have found it desirable to try also to prevent the development 
of bronchopneumonia. A good many of our patients show on admis- 
sion extensive wheezing sounds. Other patients remain drowsy for 
several hours even after the coma has subsided. Therefore we have 
added to our routine the intravenous injection of 1 gm. of sodium 
sulfapyridine* dissolved in 20 cc. of water every 4 hours until the 
patient can swallow the sulfapyridine. This sulfapyridine treat- 


* Put at our disposal by Lederle Laboratories, Inc., New York. 
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ment is continued for at least 24 hours after the subsidence of the 
coma. . 

Gastric lavage by means of a nasal tube, magnesium sulfate and 
charcoal are also given in order to remove and to neutralize as much 
as possible of the opium introduced. 

When the pulse is rapid digitalis or ouabain have been injected 
intravenously. Intravenous infusions of considerable quantities of 
saline with or without glucose have not been given in order to avoid 
overfilling of the circulation with ensuing overstrain of the left 
ventricle. This might have been deleterious in patients with 
opium poisoning whose circulation is already damaged and many of 
whom are on the verge of pulmonary edema. Subcutaneous infu- 
sions of 500.cc. NaCl 0.9% have been given repeatedly. 

Only rarely have the injections of coramine given rise to convul- 
sions. In these cases 2 gm. of chloral hydrate have been adminis- 
tered by rectum. The same drug was given to patients who after 
being revived from the coma were excited or even delirious. 

The following two examples may illustrate the result of the 
coramine treatment. In the first case the reaction was prompt and 
the danger had disappeared shortly after the treatment was started. 
In the second patient 7 injections of 5 cc. coramine each, in the 
course of 23 hours, were necessary before consciousness returned. 


Case 1.—A Chinese housewife, 37 years old, was brought to the emer- 
gency clinic on October 3 at11.30 p.m. in a comatose state. She had taken 
2 dollars worth of opium 4 hours previously and was found to be unconscious 
+ hour before arrival at the clinic. 

On admission she was totally unconscious. Lips and finger nail beds were 
cyanotic. Respiration was shallow and at the rate of 12 per minute. 
Pupils were constricted. Corneal reflex was absent. Pulse was good, 96 
per minute. Heart sounds were distinct and cardiac rhythm was regular. 
Blood pressure was 170/100 mm. Hg. 

After brief examination the patient was given 5 cc. coramine intraven- 
ously, together with 20 ec. 5% sodium sulfapyridine solution. Immediately 
following the injection the patient became conscious, opened her eyes, moved 
about and cried bitterly. The cyanosis at once disappeared and her respira- 
tion became deep. There was no spasticity of the limbs. 

Gastric lavage with a nasal tube was done after the patient became 
conscious. The gastric washing became clear after 4500 cc. 1 to 5000 potas- 
sium permanganate solution had been used. Following the lavage, 50 cc. 
20% charcoal suspension and 50 cc. 50% magnesium sulfate solution were 
given through the nasal tube. 

The patient was given 2 more injections of coramine, in 5 cc. doses, 
intramuscularly during the next 2 hours. Sodium sulfapyridine in 1 gm. 
doses was given intramuscularly every 4 hours. The patient was encour- 
aged to take strong tea after she became conscious. She was sent home in 
good condition 17 hours after the commencement of treatment. Three days 
later she was seen again and found to be in excellent condition. The gastric 
vashing was found to contain morphine. 

Case 2.—A Chinese rickshaw puller, 35 years old, was brought to the 
emergency clinic on October 15 at 2:50 p.m. in an unconscious state. He 


+. taken 5 dollars worth of opium. He was found to be unconscious at 
1.30 P.M. 
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On admission the patient was comatose. The skin and nail beds were 
very cyanotic. He had Cheyne-Stokes respiration and the respiratory rate 
was 6 per minute. The pupils were constricted and did not react to light. 
The corneal reflex was absent. The pulse was good, 96 per minute. The 
cardiac rhythm was regular and the-heart sounds were distinct. Blood 
pressure was 100/60:mm.Hg. Knee jerks were absent. 

Treatment was started at 2.55 p.m., when 5 cc. coramine were given intra- 
venously. Patient remained unconscious and cyanotic. Only the corneal 
reflex became active. At 3.02 p.m. 5 ce. coramine and 20 ec. 5% sodium 
sulfapyridine were given intravenously. No change was observed. At 
3.12 p.m. 5 ec. coramine were given intramuscularly. There was no change 
in his condition. He was cyanotic and unconscious. His corneal reflex 
was absent again. There was no spasticity of the limbs. At 3.20 p.m. 5 cc. 
coramine were given intravenously. Two minutes after this injection the 
patient woke up and was able to say a few words. His respiration im- 
proved and the cyanosis lessened. He was, however, soon seized with 
marked generalized spasticity of the body and he became excited and 
struggled a great deal. In order to reduce the restlessness and excitement 
2 gm. chloral hydrate in solution were given per rectum. He became quiet 
gradually; the spasticity of the muscles also greatly lessened. 

At 4.15 p.m. patient had become totally unconscious again, with absence 
of corneal reflex and marked cyanosis. His respiration was 8 per minute. 
His pulse was good. Coramine, 5 cc., was given intravenously at 4.30 P.M. 
Except for slight improvement in his respiration there was no change in his 
condition following this injection. The corneal reflex remained absent 
and the cyanosis was not lessened. 

At 5.20 p.m. 5 cc. coramine were given intravenously. Following this 
injection the patient immediately woke up and talked. The cyanosis dis- 
appeared and his respiration became deep. There was much spasticity 
of muscles, although no convulsion occurred; 5 cc. coramine were given 
intramuscularly shortly after the intravenous injection. The patient was 
somewhat delirious for about } hour, but he became gradually mentally 
clear. No more coramine was given. 

Gastric lavage with nasal tube was performed from 3 to 7 p.m. Only 
after 10 liters of permanganate solution had been used did the return fluid 
no longer change color. Charcoal suspension and magnesium sulfate 
were given through the nasal tube following the lavage. 

Sodium sulfapyridine, 1 gm. every 4 hours, was given intramuscularly 
following the first intravenous dose. The patient had no fever during the 
period of observation. 

The patient was discharged in good condition 2 days after the commence- 
ment of treatment. He was seen again 3 days later and was found to be in 
good condition. The gastric washing was found to be positive for morphine. 


We have been able to apply this treatment between April 1 and 
November 1, 1941, to 46 cases of opium poisoning where coma had 
already set in. Twelve of these patients died and 34 recovered 
(Table 4). The total mortality is therefore 26.1%+6.5, which is 
significantly different from the mortality of the years 1939 (74.4% + 
6.95) and 1940 (77% +6.74). Patients admitted with dilated pupils 
always died with or without treatment with coramine (Table 5). 
We have therefore analyzed separately the influence of the coramine 
treatment on the coma patients with non-dilated pupils and also on 
the coma patients with cyanosis and with non-dilated pupils 
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(Table 4). The results are always markedly and significantly better 
after the coramine treatment has been introduced. 


TaBLE 4.—Morta.ity Rate 1n Acute Opium Porsoninec WitH Coma BEFORE AND 
AFTER INTRODUCTION OF THE CORAMINE TREATMENT. 


Coma with non- Coma with cyanosis. 
Signs: Coma cases. dilated pupils. and non-dilated pupils. 





Year. Total. Mortality. Cases. Mortality. Cases. Mortality. 
1938-1939 — 29 32 22, 24 20 
74.4% +6.9 68.8% +8 .2 83.4% +7.6 

3 


1939-1940 . . 39 0 ae 29 28 22 
77.0% +6.7 76.4% +6.9 78.6% +7.8 
Apr—Nov., 1941 . 46 12 42 8 34 7 


26.1% +6.5 19.0% +6.0 20.6% +7.0 


TaBie 5.—Mortauity Rate 1n Acute Opium Poisoninc With CoMA AND 
DiLaTeD PUupPILs. 


Signs: Coma. Coma with dilated pupils. 





Year. Total. Cases. Mortality. 
1938-1939 .. PA re NE 7 7 
eet... os. os ES SS Cee 1 1 
Cs, ft eee ee ere ae 4 4 


Of the 12 patients we lost during the coramine period 4 had 
dilated pupils and 5 showed marked lung edema at admission. 
Therefore, the life-saving effect of coramine is on the whole limited 
to patients with opium poisoning as long as the pupils are con- 
stricted and no pulmonary edema has set in. Then, however, it is 
usually possible to save the life of the patient, even if the respiration 
has already practically stopped, if Cheyne-Stokes breathing is_ 
present, if the patient is deeply cyanosed or ashy colored, and if the 
cornea reflexes have disappeared. It is possible that the results 
would have been still better if a good many of the patients with 
opium poisoning who came for treatment had not been damaged by 
previous lavage outside the hospital. 

The amounts of coramine which were deemed necessary to revive 
the patients have greatly varied as shown by Table 6. 


TABLE 6.—AMOUNT OF CORAMINE USED. 


Dosage, cc. Cases. Deaths. Dosage, cc. 
5.O % : 20.0 
O72. J 23.4 

| TSE ee, 25.0 

0 pap y 30.0 

- De teree ee aN 35.0 

cof ey Re 45.0 
Bal . ag 60.0 
oe >; : ; ‘ 


CrNWr OW 


eee CP ORR S 12 


Although the statistical differences are significant, we still thought 
it advisable to go into the question whether the coma cases observed 
during the period of coramine treatment were/+y any chance lighter 
than those treated during the 2-year period without coramine. If 
we take the duration of coma before arrival and the degree of retar- 
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dation of the respiration as the criteria for the gravity of the intoxi- 
cation, we see that: 

A. Five of the 18 coma patients who survived in 1939 and 1940 
were not comatose at the time of admission, a few even walked into 
the hospital (Table 7). They became drowsy and comatose only 
shortly after arrival in the emergency ward, especially after or dur- 
ing gastric lavage. Cases of this kind do not belong to the most severe 
form of opium poisoning. In such patients only a small amount of 
opium has been absorbed at the time of admission and by gastric 
lavage the rest can be removed. On the other hand when coma has 
lasted for several hours before admission the outlook is serious. As 
only 1 of the 18 survivors had had coma for more than 2 hours before 
admission, most of the patients of the surviving group of 1939 and 
1940 evidently did not have severe cases of poisoning. 


TABLE 7.—DvuRATION OF CoMA BEFORE ARRIVAL. 


Duration of coma. 





Apr.-Nov., 
1939-1940. 1941. 


Developed after arrival ...... . . . bt sw. 4 
Less than 1 hour before arrival . oe es re , 3 
1 to 2 hours before arrival fet Ry hte Baas 2s 11 
3 to4 hours before arrival . .._.. yt 1 s 
5 hours or more before arrival . . . . ... . ) 3 
eee ae a eo ee eet Res So ae 4 5 


Pes dd Wet. Tul. Tattee hae “ache cok tot esi hd oe wd 34 


In the coma patients treated with coramine the duration of the 
coma before arrival was on the whole longer. Of the 34 patients 
who survived with coramine, 11 patients had been comatose for 
more than 3 hours before arrival. 

B. Of the 18 survivors in 1939 and 1940 before the coramine 
treatment, only 1 showed Cheyne-Stokes breathing and in no case 
had the respiration completely stopped. In the period of coramine 
treatment 10 of the 34 survivors showed Cheyne-Stokes breathing 
and in 4 patients the respiration had even completely stopped 


(Table 8). 


TABLE 8.—DEGREE OF RETARDATION OF RESPIRATION. 


Respiration. 
1939-1940. 
Over 16 per minute 
Below 16 per minute 11 
Cheyne-Stokes type 
No respiration 


Total 


Therefore, if any difference exists the patients who survived 
during the coramine period were on the average in a more serious 
condition than the patients who survived without coramine. 
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It is well possible, although it cannot be proved, that the combina- 
tion of coramine plus sulfapyridine has been more effective than the 
application of coramine alone would have been. We have no 
statistical data which might prove or disprove this point. It 
remains, however, possible and even probable that several patients 
revived by the intravenous injections of coramine would have 
developed pneumonia if no sulfapyridine had been given. 

Summary. Between 1930 and 1940 the mortality of coma due to 
acute opium poisoning has fluctuated in our hospital between 70% 
and 80%. The treatment consisted of gastric lavage, charcoal, 
magnesium sulfate and caffeine injections. As soon as the respira- 
tory rate was decreased below 8 per minute the patients were put 
into a Drinker apparatus. 

Gastric lavage with the ordinary stomach tube often induces coma 
in patients with opium poisoning. It is also a frequent cause for the 
development of lung edema. In all serious cases of opium poisoning, 
certainly when coma has set in, gastric lavage should be performed 
through a nasal tube in order to avoid excessive gagging and strug- 
gling of the patients. 

Intravenous injections of 5 cc. coramine, usually to be repeated 
several times, are able to revive the respiratory center in opium 
poisoning and to restore consciousness. 

The coramine treatment, combined with intravenous injections of 
sodium sulfapyridine, has reduced the mortality in coma due to 
opium poisoning from 70%—80% to about 26%. 

Even with this treatment the outcome of coma due to opium poi- 
soning is usually still fatal as soon as the pupils are dilated or lung 
edema has set in. 
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(From the Laboratories of the Presbyterian Hospital in Philadelphia, supported by 
a grant from the Selina B. McIlhenny Research Fund.) 


THE estimation of the prothrombin content of blood using amounts 
which may be obtained readily by skin puncture has the advantage 
of less annoyance to the patient; but, if the same degree of duplica- 
bility is to be obtained as is possible by the method of Quick, the 
same control of physical conditions is required. Unless this accuracy 
is assured, the advantage scarcely justifies a change of procedure. 
An attempt, therefore, was made to estimate prothrombin on 0.05 ml. 
of capillary blood using standardized physical conditions. Since 
the determination is made immediately after withdrawal, disturb- 
ance of calcium from its native state by anticoagulants is unneces- 
sary. Other than this, the method is of practical significance only 
and has the same theoretical basis as that of Quick.” 

Thus, as the essential mechanism for the coagulation of blood, 
the method uses the Morawitz-Wohlisch equation which requires at 
least four substances: calcium, fibrinogen, thromboplastin and pro- 
thrombin. Since it is a time reaction, the concentration of one of 
these, prothrombin, may be measured by coagulation time only if 
the other three are present in such concentrations that they are not 
limiting factors. Except in rare instances,”!* calcium and fibrino- 
gen in their native state fulfill this requirement.>*.5.°* Practically, 
it is easily possible to alter this concentration if necessary.4 Throm- 
boplastin of optimal potency has probably not yet been obtained 
and many reports have appeared indicating that the standard and 
near optimal potency described by Quick was not used. When 
thromboplastin becomes a limiting factor, absolute values are no 
longer comparable and relative ones (7. e., per cent of normal) have 
not been shown to be strictly so. 

Prothrombin estimations have been made by many variations of 
the methods of Quick,* of Smith et al.2° and of Dam.’ A brief 
résumé is presented in Table 1. Conversion time of prothrombin 
to thrombin dissociated from the reaction time of thrombin on 
fibrinogen have not yet been assigned their places in the clinical 
laboratory. Therefore, the simplicity and ready duplicability of the 
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method of Quick has resulted in wider adoption of it than of the 
two-stage technique of Smith, Warner and Brinkhous.”® The use of 
Stypfen as a substitute for thromboplastin in the Quick procedure 
is of singular interest.!° The values reported by Fullerton for nor- 
mal plasmas equal his values for thromboplastin but do not equal 
those of Quick. Such values were obtained by Felicity, Hobson 
and Witts* when lecithin was added to Stypfen. 

As shown in the résumé, several investigators have used so-called 
micro amounts of whole blood for the determination. Quick used 
them in an approximate method.” Although the endpoint is more 
easily read with plasma, the substitution of whole blood in his 
original method made no difference in the results. Kato adapted 
the plasma method of Quick to micro proportions using oxalated 
whole blood.'!? Others (see Table 1) have omitted anticoagulants 
and modified the method of reading the endpoint. 

In our experience skin puncture does not permit a sufficiently free 
flow of blood to obtain 0.2 ml. smoothly. As a result, closely dupli- 
cable values were not routinely obtained. The results are referable 
to those of Quick only on the percentage basis. Therefore, we 
attempted to estimate prothrombin on 0.05 ml. fresh, whole blood 
at 37.5° C. using thromboplastin which had a potency of at least 
12.5 seconds by the method of Quick. 


Technique. Only one reagent is required to carry out the procedure, 
thromboplastin extract, prepared according to Quick, and having a 
potency of at least 12.5 seconds on normal plasma. These preparations 
have been rather constant in potency. Those of rabbit lung have been 
more potent and at least as constant as those of rabbit brain. When they 
are acceptable they assay, on standard normal plasma, 10 to 11.5 seconds. 
If they are not of this potency they are markedly lower. Of a series of 
25 rabbits, studied when no rabbit brain obtained from animals locally 
available gave acceptable preparations, 19 assayed less than 12.5 seconds, 
| as high as 8.5 seconds. If the lung showed signs of congestion or appeared 
filled with blood, values up to 14.5 seconds were obtained. The brains of 
these same animals yielded extracts which assayed 12 to 12.5 seconds in 5 in- 
stances; less than 14 in 15 instances. Since this time (over a year) only an 
occasional preparation has been unacceptable. In the aforementioned 
series, admittedly inadequate in number, no relation to age, size, breed or 
diet was observable. Quick has mentioned that season may have an effect. 
These preparations of low potency were made in a very warm season but 
fully potent extracts 7. e., 10 to 12.5 seconds, were made the following year 
under equally adverse weather conditions. Greater care has perhaps been 
used to keep the preparations cold immediately after their processing and. 
during their immediate desiccation on the Florsdorf-Mudd Cryochem appa- 
ratus. Fractions sealed in vacuo and kept in the dark at 3° C. have be t 
their potency for at least 17 months (7. e., when the last fraction was ond. 

Most of the apparatus required are routine hematologic equipment: a 
glass micro culture slide with two depressions 18 mm. Mg se and 
1.75 mm. deep, two pipettes graduated at 0.05 ml.,* a sharp lancet (prefer- 


* A convenient pipette is made by Ace Glass Company, distributed also by 
Scientific Equipment Company, 3527 Lancaster Ave., Philadelphia. In addition to 
the calibration mark it has a tapered tip which is slightly constricted. 
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ably of the rebound type), sterile gauze sponges, a stopwatch (split-second 
type), a rake with platinum prongs* (three 12 mm. lengths of 24 B-D gauge 
platinum wire sealed into a 9 cm. length of glass rod), an alcohol lamp (gas 
burner), and a slide warming device. For this, it is possible to use a hot- 
water bottle, protected from drafts; the outside temperature being brought 
to 37.5°C. Far better is the slide incubator which has been especially de- 
signed for the test? (Fig. 1). It consists of a small compartment (approx. 

















Fic. 1.—Apparatus for performing test with slide indicator. 


6 by 5 by 3 inches), well insulated on three sides while the top, closed 
partially by insulation, has a window the dimensions of a slide. This 
window is closed by a sheet of copper which serves as a support for the slide 
and as a heat distributor. The heating element consists of a 7 watt sub- 
‘tage lamp inserted into the compartment. Between the lamp and the heat 


* Suggested by the platinum hook used in the method for determining coagulation 
‘ime devised by Dr. Pearl Lee, unpublished. 

| May be obtained from the LaMotte Chemical Products Company, Towson, 
Baltimore, Md. 
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distributor, a sensitive bimetallic thermoregulator is mounted. A ther- 
mometer is placed beside the slide on the copper sheet. This unit has been 
built into a box which contains other compartments for the rest of the 
equipment needed to carry out three tests. This is a convenience when 
the test is to be made at the bedside. 

The procedure for making a prothrombin estimation follows: The slide 
is placed in the apparatus and brought to 37.5° C. The finger is cleaned 
with undenatured 70% alcohol. The thromboplastin extract (0.05 ml.) is 
placed in each of the two depressions in the slide. The finger, or the side 
of the heel if the patient is an infant, is pricked to obtain a free flow of 
blood. This is obtained more easily if the area of puncture is warm. After 
discarding the first 2 drops of blood, 0.05 ml. is taken up into a pipette. 
This is immediately discharged into the thromboplastin on the slide. The 
stopwatch is started, the mixture is stirred with a rake (previously cleaned 


DILUTION CURVES 
indicating per cent of normal. 

——_-——_ 

Quick: —- ——-—— o-— 





Fieg.—2.—Standard dilution curve. 


by flaming and carbon free) and stroked once each second after 10 (or 12, 
depending upon the potency of the extract). The instant the clot as a whole 
moves is taken as the endpoint. A duplicate is then made from a fresh 
prick, starting the endpoint strokes $ second later. 

This prothrombin time may be converted to terms relative to the normal 
by reading them on the dilution curve in Figure 2 when the thromboplastin 
extracts assay 12 seconds for normal plasma. For extracts of other poten- 
cies it is necessary to prepare standard dilution curves for the respective 
preparations. Those assaying between 10 and 13 seconds may be corrected 
mathematically to give usable values. 


Experimental Considerations. ‘T'o test the reliability of the method 
it was compared with that of Quick in three ways. First, dilution 
curves were prepared using standard thromboplastin and plasmas 
shown to be normal and constant in amount, one for well over a year. 
The dilutions were made with saline in a few instances but the fibrin 
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web was too fragile in the lower concentrations for accurate reading 
of the endpoint. Dilutions were then made with saline solutions of 
fibrinogen prepared from oxalated, citrated and from heparinized 
plasmas. However, in the lower dilutions, where larger amounts of 
fibrinogen were required, indications of anticoagulant impurities 
made themselves evident although the preparations were dialyzed. 
Therefore, fibrinogen was prepared* from hemophilic blood (a sug- 
gestion of Dr. Ferdinand Monroe) which had a coagulation time of 
4 hours. Saline solutions of this material were used in obtaining the 
data for the curve shown in Figure 2. If the effect of plasma pro- 
teins on added calcium is disregarded, the calcium concentration 
was kept constant by drying in the slide depressions aliquots of an 
M/40 CaCl, solution necessary to maintain 10 mg. per 100 ce. cal- 
cium. The calcium redissolves in the thromboplastin extract when 
it is placed on the slide. In obtaining the data for the curves, the 
appropriate aliquots of blood were taken up directly into a 0.1 ml. 
pipette, followed by fibrinogen-saline to the 0.05 ml. mark, mixed 
by tilting the pipette to and fro and discharged into the calcium- 
thromboplastin mixture. The rest of the technique was that of the 
routine procedure. 

A second comparison was made on a series of clinical cases. One 
series was studied by the same investigator using the same reagents, 
the bloods being taken almost simultaneously. In another, the two 
procedures were carried out by independent investigators using their 
own apparatus and reagents. (We are indebted to Dr. John Rein- 
hold, Chief Biochemist of the Philadelphia General Hospital for the 
Quick values.) In this group several hours elapsed between the 
collection of the samples for the Quick method and those for the 

capillary procedure. In the latter a hot-water bottle served as a 
temperature unit. A third comparison was made on the assay values 
of the two methods on thromboplastin extracts of various potencies. 
These were obtained almost simultaneously. 

Discussion. As shown in Figure 2, the micro capillary procedure 
gives a curve which may be very nearly superimposed upon that of 
Quick. ‘The slope tends to be a little steeper at the higher concen- 
trations and tapers off more gradually below 10%. The only foreign 
chemical introduced into the preparation of the former was (NH,).SO, 
(no anticoagulant was used). Whether the scarcely significant dif- 
ferences between the Quick values and those of the micro capillary 
method are due to these factors or to technical artifacts cannot be 
stated. The effects of other plasma proteins was not studied but 
Quick does not report a divergence in his dilution curves made with 
saline from those with deprothrombinized plasma. 


* The fibrinogen was prepared by half saturation with (NH,).SO,. It was repre- 
cipitated 4 times from normal saline and dialysed 18 to 24 hours at 3° C. Its saline 
solution, which was concentrated 6 times from the original plasma was prothrombin- 
free in the presence of 10 mg. per 100 cc. calcium. 






428 HOFFMAN, CUSTER: 


TABLE 2.— PROTHROMBIN TIMES IN CLINICAL CASES. 


(A Comparison of the Values by the Quick Method with those by the Micro 
Capillary Procedure.) 
; Quick Micro capillary 
Diagnosis. , (seconds). (seconds). 
A. Same Reagents and Technician (Simultaneously). 
Normal 


Chronic calculous cholecystitis 


Carcinoma of lung 
Rectosigmoid carcinoma 


Melena 

Acute cholecystitis 
Hemophilia 

Bile peritonitis 
Tuberculous enteritis 
Subdiaphragmatic abscess 
Polycythemia vera 


MaAwWonanontauwnnrtaaaan 


B. Independent Reagents and Technician (Same Day). 


New-born hypoprothrombinemia (after vitamin K). 12.5 
Chronic calculous cholecystitis 

Pneumonic bacteremia XI 

Diabetes mellitus 

Acute catarrhal jaundice 

Pneumonic bacteremia XI 

Chronic calculous cholecystitis 

Carcinoma, primary; cholelithiasis 

Sydenham’s chorea Siete tir sd 

Carcinoma (primary?); cholelithiasis . 


Adenocarcinoma of duodenum ; 
Chronic myelogenous leukemia with jaundice _. : 189. 
(in extremis) 


TABLE 3.—STANDARDIZATION OF THROMBOPLASTIN EXTRACTS. 
Simultaneously by: 


Quick’s method Capillary method 
(seconds). (seconds). 


12.5 13.5 
12.5 12.5 
13.0 12.0 
14.0 14.5 
16.0 19.0 
16.5 17.0 
17.0 16.0 


In assays of the thromboplastin extracts (Table 3) and in the 
series of clinical cases (Table 2), the values for the two methods 
check usually within 5% of prothrombin, always within 10%. Since 
the Quick procedure uses plasma and the capillary method whole 
blood, the values in polycythemia are interesting. For the case in 
Table 2, the volume of packed cells was 79%, the volume index 
1.08 and the erythrocyte count 7,200,000. Nevertheless the two 
methods checked. However, after lysing the cells into their plasma 
with distilled water and restoring the calcium concentration 
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to 10 mg. %, the prothrombin value decreased. over that for 
normal blood similarly treated, in proportion to the hematocrit. 
Since the cells, in untreated blood, do not actively dilute, the con- 
centration of prothrombin in blood and plasma remains the same. 
‘This is true also for bloods for which the hematocrit values are ab- 
normal. In the micro capillary procedure the increased concentra- 
tion of cells may, by their added viscosity, aid in reading the end- 
point, ¢. é., in moving the clot as a whole. The absolute amount 
of both fibrinogen and of prothrombin are less in these samples. 
As in enzyme systems, the conversion of prothrombin to thrombin 
plus the action of thrombin on fibrinogen, as measured by the one- 
stage techniques, seems to be a function of concentration not of 
absolute amounts. 

It would appear from these data that the micro capillary pro- 
cedure here described can serve as a substitute for the Quick pro- 
cedure where venipuncture is undesirable and where it is required to 
obtain the value at the bedside. It approaches the Quick method 
for accuracy and is by its use of native calcium more physiologic but 
requires somewhat greater skill to read the endpoint. Whatever 
error results from tissue juice contamination in samples taken with- 
out pressure from a finger prick is inherent in the method. 

Summary. A practical micro method for the estimation of pro- 
thrombin on fresh capillary blood has been suggested. By dilution 
curves and by simultaneously estimating the prothrombin content 


of normal and pathologic bloods, the micro capillary method shows 
a parallelism with the Quick values usually within 5% prothrombin, 
certainly within 10%. Since physical conditions are controlled as 
in the original Quick procedure, values are comparable both in abso- 
lute and in relative terms. A variation in hematocrit caused no 
divergence. 
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THE EFFECT OF PROPYLENE GLYCOL VAPOR ON THE INCI- 
DENCE OF RESPIRATORY INFECTIONS IN A 
CONVALESCENT HOME FOR CHILDREN. 


PRELIMINARY OBSERVATIONS. 


By T. N. Harris, M.D., 


INSTRUCTOR IN PEDIATRICS, 
AND 
JOSEPH STOKES, Jr., M.D., 


PROFESSOR OF PEDIATRICS, 
PHILADELPHIA, PA. 


(From the Department of Pediatrics, School of Medicine, University of Pennsylvania, 
and the Children’s Seashore House, Atlantic City, N. J.) 


THE importance of the sterilization of air in inclosed spaces has 
long been recognized and in recent years a number of workers®:*:!3.14 
have investigated the relative effectiveness of aérosols for this pur- 
pose. Recently Robertson and his coworkers**° have shown that 
the vapor of propylene glycol, even in as high dilution as 1 to 
50,000,000 is particularly effective for such sterilization, destroying 
with great rapidity air-borne bacteria and the human influenza 
virus A, as demonstrated by plating and animal tests. 

Pharmacologic and pathologic investigations have demonstrated 
no injurious properties of propylene glycol to the mammalian organ- 
ism in a wide range of dosage. Seidenfeld and Hanzlik” showed 
that amounts of this substance, many thousand times greater than 
those capable of being absorbed by inhalation of the vapor, could 
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be fed to rats and rabbits apparently without harmful effects.* 
In addition, a number of English workers' have utilized propylene 
glycol as a vehicle for other materials in aérosols without any 
apparent deleterious effect on the human organism. 

In order to determine the local effects of inhalation, Robertson® 
exposed rats continuously for considerable periods to concentrations 
of propylene glycol vapor many times the minimum bactericidal 
concentration. Microscopic examination showed no greater inci- 
dence of pathologic change in the lungs than among control animals. 

The importance of the air-borne route in the transmission of 
respiratory infections has been strongly emphasized by Wells” and 
others. Buchbinder*® presents the evidence of a large number of 
investigations in a recent critical review, and concludes that the 
hypothesis of air-borne transmission of respiratory infections is 
better supported than the theory of direct contact transmission. 

Ultraviolet light has been used successfully by a number of in- 
vestigators as a means of controlling infection by air-borne bacteria 
and viruses. Few studies, however, have been carried out which 
have compared the relative effectiveness of ultraviolet light and 
propylene glycol under experimental conditions. Such a compari- 
son® recently conducted in a large infant ward at the Children’s 
Hospital of Philadelphia demonstrated the vapor of propylene gly- 
col to be more effective and more rapid in its action than ultra- 
violet light in sterilizing air under the specific conditions of appli- 
cation of the two agents used. 

The availability of such a substance as propylene glycol, ap- 
parently harmless to mammalian life yet so effectively lethal to 
air-borne bacteria and viruses, suggested a test of usefulness in 
limiting the incidence of respiratory infections in enclosed spaces, 
such as hospital wards. 

In view of the urgent need at the present time for the prevention 
and control of air-borne cross-infections among large aggregations 
of individuals within enclosed spaces, a study of the effect of pro- 
pylene glycol vapor on the incidence of respiratory infections among 
convalescent children appeared desirable. 


Methods. The Ward. The place chosen for this experiment was the 
Children’s Seashore House of Atlantic City. The ward selected as the test 
ward contained 16 patients, girls of about 10 to 14 years of age, half of them 
in various stages of rheumatic fever. The population is quite stable, since 
admissions are usually for weeks or months and the nursing and attendant 
staff are rarely changed. Visitors are allowed in the ward, but not if 
obviously suffering from active respiratory infection. The ward has a 
wooden floor and plaster walls, which makes the control of dust more diffi- 
cult, and there are no vertical divisions between the beds. The dimensions 
of the ward are 12 by 24 by 50 feet, with ventilation almost entirely through 
windows in one of the longer walls, so that there is little cross-draft. The 

* Propylene glycol is used as the vehicle for crystalline vitamin D in a proprietary 


preparation. The amount of the glycol absorbed by children who receive this regu- 
larly is high in comparison with the amounts which would be absorbed by inhalation. 
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other wards in the House are generally comparable to the experimental 
ward in size and number of beds, but differ in age group, sex, and distribu- 
tion of diagnoses of the patients. 

The Vaporizing Device. Since it is the vapor of propylene glycol which 
is effective, rather than droplets," the material was vaporized. This was 
done by arranging a continuous drip of the glycol over a surface hot enough 
to boil off the successive drops. 

















bottle 
< enbusbam Gunene a> — 




















Fic. 1.—The apparatus for vaporizing the propylene glycol. 


The hot surface for vaporizing was the end of a 100-watt soldering iron, 
which was packed into a can of asbestos. A small pit was cut out of the 
horizontal exposed face of the iron to receive the drops of glycol. Any small 
heating element might, of course, be substituted for the soldering iron. 

The bottle of glycol was a 3-liter aspirator bottle, placed over the iron. 
To maintain a constant level of glycol in the aspirator bottle, a large tin 
reservoir of the glycol was placed above the aspirator bottle, its only outlet 
being a tube soldered into the bottom. This tube fitted loosely through 
the top opening of the bottle, supplying it and maintaining a constant level 
of glycol in it. With a constant pressure-head maintained by an even 
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height of the fluid column in the bottle, the speed of the drip depended on 
the diameter of the outlet, which was easily adjusted (see Fig. 1). 

This mechanism was placed on a shelf about 3 feet from the ceiling at 
one end of the room. A small electric fan was placed behind the vaporizing 
unit to distribute the vapor into the existing air currents. 

From rough calculation of the probable air exchange, it was estimated 
that about 350 ec. should be vaporized in 24 hours to maintain an effective 
concentration in the air. The capillary outlet of the bottle was adjusted 
accordingly, and the mechanism was allowed to run continuously during the 
experimental period. 

The Analyses. For verification of the bactericidal effect of the actual 
air concentration of glycol attained, Petri plates of blood agar were exposed 
for an hour in various parts of the room during the vaporization. The 
colony counts on these plates were compared with the counts on plates 
exposed in the same positions during the control period. 

Air samples were analyzed for propylene glycol vapor by Puck’s’ adapta- 
tion of the method of Lehman and Newman.’ Because of the low concen- 
trations involved, larger air samples were required than those suggested 
by Puck. 

The Criteria of ‘Respiratory Infection.”’ Since the effectiveness of the 
glycol vapor was to be judged by the reduction in numbers of respiratory 
infections during its use, objective criteria were established for diagnosis. 

A respiratory infection was defined, for purposes of this experiment, as a 
clinically recognizable episode with some objective manifestation in addi- 
tion to fever. Thus a sore throat was included only if it showed an inflamed 
nasopharynx on examination; a “common cold,” or painful ear was in- 
cluded only if a discharge or evidence of inflammation was present, and a 
cough was included only if productive. Throat cultures were not taken. 


Results. The period of observation was 16 weeks, divided into 
a control period of 8 weeks and an experimental period of 8 weeks. 
Data of the 2 weeks following are also shown for comparison. 
Observations were recorded for all the wards of the Children’s 
Seashore House during this period. Not all wards are comparable 
in point of geographic position, age of patients, and distribution of 
diseases. One ward was, however, quite comparable to the experi- 
mental ward in distribution of diagnoses, geographic location in the 
building, and number of respiratory infections. Since this ward 
and the experimental one showed the highest incidence of respira- 
tory infections, the comparison was made between these two. 

None of the children in the experimental ward suffered a second 
respiratory infection during the entire period of study. Such second 
episodes did occur in the analogous control ward (Table 1). 

The bacteriologic analysis of the air by exposure of Petri plates 
vielded the results shown in Table 2. 

Air samples for glycol analysis were taken during the vaporiza- 
tion, in various parts of the ward at different times, under ordinary 
ward conditions. The results of the analyses are shown in Table 3. 

Discussion. Inspection of Table 1 shows a marked decrease in 
the number of respiratory infections during the time of vaporization 
of propylene glycol. The difference is so striking as to obviate the 
need for statistical examination, but even grouping each of the 
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8-week periods together yields a highly significant difference by the 
chi square method. Nor does there seem to be reasonable doubt 
about attributing the differences to the glycol vapor, since seasonal 
or community influences are ruled out by the constancy of rate of 
infections in other wards. 


TABLE 1.—TuHeE INCIDENCE OF RespiRATORY INFECTIONS IN ALL WARDS BEFORE, 
Durina, AND AFTER GLYCOL VAPORIZATION. 
Week Experi- Analogous Other control wards. 
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* Onset on second day of glycol vaporization. 

+ This total includes 3 children each of whom had two episodes of respiratory 
infection. In two of these children the episodes, which were of the same nature, 
were separated by 6 weeks and 4 weeks respectively. The third child had 2 epi- 
sodes of different natures, separated by a two-week interval. 

t One of these two children had suffered a respiratory infection of a different 
nature during the third week of the previous control period. 
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TABLE 2.—THE CoLtony Counts or Piates Exposep IN THE EXPERIMENTAL 
Warp Durine GLYCOL VAPORIZATION AND IN THE CONTROL PERIOD. 


Control period. During vaporization. 
46. 
66. 
34. 
22 
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48 
82 
76. 
69 . 

101 
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(Colonies per plate per hour.) 


The comparison of bacteriologic analyses is equally striking and 
adds further evidence that the effect observed was due to the propy- 
lene glycol. The plates were exposed in the same ward under 
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usual ward conditions, with patients and nurses in the ward and 
traffic into, out of, and through the room proceeding as always. 
The experimental plate counts are therefore remarkably low. 


TABLE 3.—THE CONCENTRATION OF PROPYLENE GLYCOL VAPOR IN AIR IN DIFFERENT 
PARTS OF THE Room. 


Position relative to Concentration, 
vaporizing unit. mg. per liter. 
1. Tepstodintiolyy Sabet 056 kos ek ea ree. { on 
2. Center of ward Pili saa Re Dipl Mee Ko Ski tin ; { 4p 
3. Opposite end of ward { nee 
4. Intermediate between 2and3 . .... . { 5 a 


All samples were taken at a height of 30 inches from the floor. 


The colonies were, in both series of plates, largely those of Staphylo- 
coccus albus. A very few fungus colonies were also present. In 
addition, the control plates showed a few hemolytic streptococcus 
and hemolytic staphylococcus colonies, which were not found among 
the colonies obtained during the glycol vaporization. 

The air analyses showed concentrations in the lower part of the 
effective range." This may partly explain the finding of some 
colonies on the plates exposed during glycol vaporization. The 
differences in local concentrations in different parts of the ward may 
reflect the directions of the air currents which carry the vapor from 
its source. 

The effective concentration of propylene glycol in air depends on 
local physical factors such as dust and humidity. The physical 
chemistry of propylene glycol vapor and the range of bactericidal 
effectiveness are discussed in a comprehensive study by Robertson, 
Bigg, Puck and Miller.“ 

In our experimental ward dust was difficult to control, and the 
humidity presented no problem because of the location of the 
House. The final air concentration was well within the effective 
range. 

The results certainly-indicate, then, that the incidence of respira- 
tory infection was greatly reduced during the vaporization of propy- 
lene glycol. These results would also seem to be applicable to 
other situations than hospital wards, since the population here was 
by no means segregated, the nurses and visitors having contact 
with people outside. On the other hand, situations less ordered than 
those of a convalescent ward might offer greater chances of other 
modes of cross-infection, such as contact and direct droplet, against 
which propylene glycol vapor would be ineffective. Other factors 
may also affect the influence of the glycol vapor on the transmission 
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and incidence of respiratory infections. A more comprehensive 
study of the effect is in progress. 

Summary and Conclusions. A great reduction in the incidence 
of respiratory infections was noted in a convalescent ward during a 
period of vaporization of propylene glycol in the ward. The con- 
centration of glycol vapor in the air of the ward was shown to be 
in the effective bactericidal range. 

An inexpensive method for maintaining such a concentration in 
a ward or other enciosed space is described. 

These preliminary observations appear to confirm the effective- 
ness of propylene glycol vapor as an agent for sterilizing air in en- 
closed spaces. At a time when large numbers of men are assembled 
in military barracks, the additional importance of this method is 
obvious. 


We wish to express our thanks to Mr. Henry Marshall, of the Children’s Seashore 
House, for his assistance in the construction of the vaporizing device. 
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DIAGNOSTIC CRITERIA AND RESISTANCE TO THERAPY IN 
THE SPRUE SYNDROME. 


By Freperic M. Hangs, M.D., 


FLORENCE MC ALISTER PROFESSOR OF MEDICINE, DUKE UNIVERSITY SCHOOL 
OF MEDICINE, DURHAM, N. C. 


THE sprue syndrome (celiac disease—sprue) is, as a rule, amenable 
to proper therapy, although, from the great variations in its symp- 
toms, one would not expect constant uniformity in therapeutic 
results. Celiac disease, which is the childhood analogue of adult 
sprue, has been shown! to respond very satisfactorily to parenteral 
liver extract when the vitamin B complex is added. Celiac disease 
bears the same relation to sprue that cretinism does to myxedema. 

In adult sprue, whether occurring in warm or cold climates 
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(“tropical”’ and “non-tropical”’ sprue being identical), the response 
to parenteral liver extract, with a diet low in fats and rich in proteins 
and vitamins, is, in the great majority of patients, prompt and 
dramatic. Such patients quickly regain their lost appetites, eat 
ravenously and often gain 1 pound a day; the tongue returns to 
normal and the diarrhea ceases promptly. Concomitantly a sense 
of happiness and well-being replaces the former feeling of depression 
and despondency. 

Such is the usual result, but now and then a patient is encountered 
who, though fulfilling the most stringent diagnostic requirements of 
the sprue syndrome, yet responds poorly or not at all to adequate 
liver and dietary therapy. This communication aims to direct 
attention to 4 such cases which have occurred among 60 instances 
of the sprue syndrome studied during the past 7 years in the Duke 
Hospital Clinic. 

The diagnostic requirements of the syndrome, to which we have 
adhered with the utmost rigidity, are these: 

1. Steatorrhea. In 48 cases of this series the average amount of 
fat in the dried stools was 48.5%. In normal individuals the stool 
fat does not exceed 15% of the dried weight, and on the usual diet is 
even lower. Sprue cannot be diagnosed in the absence of steatorrhea, 
demonstrated quantitatively, though steatorrhea does occur, of 
course, in other diseases. 

2. Loss of Weight. This is practically a constant finding and may 
equal or exceed that seen in any other condition. Losses of from 
25 to 70 pounds are the rule and not infrequently the patient has 
lost as much as he weighs on admission. One patient, a woman of 
51, had lost 98 pounds in 1 year. 

3. Low Glucose Tolerance Curve. The sprue patient exhibits very 
constantly a rise of less than 40 mg. per 100 cc. in the blood sugar 
curve when given 1 gm. of glucose per kilo of body weight. As a 
rule, the rise is very slight and no rise at all may occur. The 
average rise in blood sugar in 54 of our cases was 20 mg. per 100 ce. 
If the patient has received liver the rise may exceed 40 mg. per 
100 ce., since under the influence of liver therapy the blood sugar 
tolerance curve rises rather rapidly. Despite the fact that such low 
glucose tolerance curves are found in some 5% of normal people, as 
well as in disease states other than the sprue syndrome, the con- 
stancy of its occurrence in sprue gives it great value in completing 
the clinical picture. 

4. Anemia. In our experience the fully developed sprue syn- 
drome in adults practically always exhibits a macrocytic-hyper- 
chromic anemia, which cannot be distinguished either by peripheral 
blood or bone marrow studies from the hematologic picture of per- 
nicious anemia. The bone marrow of children seldom reacts in a 
macrocytic-hyperchromic manner to any injury, and it is thus not 
surprising that a reaction of this type is very rare in celiac disease. 
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5. Hypochlorhydria and Achlorhydria. Low acid values in gastric 
contents after histamine stimulation are commonly seen in untreated 
sprue, the acid values rising, however, with fair rapidity after 
successful liver and dietary treatment. Histamine-refractory achlor- 
hydria does not occur in sprue more often than in normal individuals. 
In 56 cases, normal values were found in 22%, hypochlorhydria in 
57% and achlorhydria after histamine in 21%. It is thus seen that 
79% of patients suffering from the sprue syndrome could be differenti- 
ated on admission from pernicious anemia by gastric analysis alone. 

There are other features of the sprue syndrome, such as a sore, 
reddened and depilated tongue, with or without aphthous ulcers; 
a pendulous, gaseous abdomen, with a much distended colon. and 
certain Roentgen ray findings common to several other deficiency 
states, which fill in the clinical picture, but the five findings described 
above are highly characteristic of the sprue syndrome. and unless 
present one should be very reluctant to make this diagnosis. It 
should be emphasized, however, that the sprue syndrome is in nowise 
hazy and ill-defined; if the disease is studied with all modern re- 
sources its differential diagnosis is clear and precise. Without such 
studies it is impossible to make the diagnosis in many instances, and 
no report in the literature upon the sprue syndrome can be regarded 
as fully reliable unless the data essential to a correct diagnosis, as 
detailed above, have been assembled. For this reason much of the 
literature is more confusing than informative. 


It is not infrequently impossible to establish the diagnosis of sprue 
without a quantitative estimation of the fats in the stool. The follow- 
ing method for the determination of total stool fats was developed 
in this clinic by Dr. Raymond Reiser, and has been found sufficiently 
accurate for clinical use. 


Method. Reagents: 9N sulfuric acid (approximately) ; 95% ethyl] alcohol; 
ethyl ether, U.S.P.; petroleum ether, U.S.P. 

Make stool sample to viscous consistency with distilled water, mixing 
well to homogenize. If large particles still remain, strain through a No. 8 
strainer. 

1. On an analytical balance weigh to milligrams a 5 to 10 gm. sample in 
a tared 50 cc. pyrex beaker. Dry in oven at approximately 115° C. for 
about 3 hours. This will yield dry weight of stool, and can be carried on 
during the fat extraction, which is carried out on another sample as follows: 

2. At the same time weigh out to milligrams a 3 to 5 gm. sample of the 
watery homogenized stool directly into the bottom of a 50 cc. round-bottom, 
narrow-neck centrifuge tube, taking care to keep material from sides of 
tube. Add 1 ec. of 9N sulfuric acid and make to approximately 5 cc. with 
water. Add to this an equal volume of 95% ethyl alcohol. Heat in boiling 
water bath for 2 minutes. Cool thoroughly under running water. Add 
15 ec. of ethyl ether, stopper with cork stopper, and shake vigorously. 
Add 15 ce. of petroleum ether, stopper, and shake vigorously. Centrifuge 
at low speed for 3 minutes. Transfer the clear supernatant fluid to a shal- 
low-bottom, 50 ce., conical centrifuge tube. Evaporate the ether cautiously 
by heating the tube in a small beaker of hot water, taking precautions to 
prevent bumping. For this purpose a small special stirring rod, with a 
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curved, beaded tip, is placed in the tube. Repeat the extraction of the 
alcoholic stool mixture 4 or 5 times using 15 cc. portions of ethyl ether and 
petroleum ether each time as before, and evaporating the supernatant 
cautiously after each extraction. 

The residue from the extractions remaining in the conical centrifuge tube 
is dried by heating the tube in boiling water bath for 10 minutes, making sure 
that no aleohol, ether, or water remains in the tube. Cool and add 30 cc. 
of petroleum ether, washing down stirring rod and sides of tube, and 
stirring up residue well. Centrifuge at low speed. Transfer the clear 
supernatant fluid to a tared 50 cc. Erlenmeyer flask. Evaporate the petro- 
leum ether slowly by heating cautiously on a steam bath. Repeat this 
extraction with 30 ce. portions of petroleum ether 4 times, transferring the 
supernatant to the 50 ec. Erlenmeyer flask and evaporating off the petro- 
leum ether each time. After the last evaporation no petroleum ether should 
remain. 

Dry the flask on the outside and place this flask and the beaker from “1,” 
containing the oven-dried sample of stool, in a vacuum desiccator for 1 hour. , 
Weigh the beaker to milligrams and the flask to tenths of milligrams, using 
an analytical balance. 

Calculation: 

(gm. of stool before drying) X (gm. of fat in flask) x (100) fat i 

(gm. of dried stool) X (gm. of stool taken for fat extraction) — % "es in 
dried stool. 





The following differential possibilities must be considered in the 
diagnosis of the sprue syndrome: 1, pernicious anemia; 2, multiple 
avitaminoses; 3, pancreatic disease; 4, tabes mesenterica; 5, gastro- 
colie fistula; 6, anorexia nervosa; 7, Simmonds’ disease. These need 
not be considered in detail in this place. Pernicious anemia presents 
the greatest difficulties, and it is with this disease that the sprue 
syndrome is most often confused. One may say briefly and con- 
fidently that if the five characteristic features of the sprue syndrome, 
as enumerated above, are borne in mind the differential diagnosis 
of the syndrome presents no serious difficulty. 

As the following 4 histories are presented to illustrate only one 
point, namely, that the sprue syndrome in certain instances may 
prove refractory to treatment, only the essential details will be 
given. 


Case Abstracts. Case 1 (Duke Hosp., No. A-51386). A married woman, 
aged 28, since the age of 5 or 6, has had attacks of diarrhea, especially in 
the summer, lasting a few days, with 6 to 8 stools daily. With these 
attacks she had abdominal cramps, nausea and vomiting. She has always 
been ‘“‘anemic” and underweight. 

During her first and only pregnancy she vomited a great deal and became 
so anemic that she remained 1 in the hospital for a month postpartum under 
treatment with liver and iron. A few months later she began to have 
severe diarrhea, with 15 to 25 stools daily, severe prostration, nausea, 
vomiting and rapid loss of weight. At this time the diagnosis of sprue 
was made and liver therapy, iron and a “diet low in fat and carbohydrate 

with bananas” were given. She improved, but had several more attacks 

' the same kind, until about 3 years ago she was admitted to her local 
h spital weighing only 69 pounds. After “liver and banana” therapy for 
+ weeks she improved and her weight was 105 pounds on discharge. 

The course of the ailment during the past 3 years has been steadily 
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unfavorable, with frequent bouts of nausea, vomiting, diarrhea and alternat- 
ing gains and losses in weight. 

Physical and Accessory Examinations. The patient was very thin, 
weighing 90 pounds (best weight 115 pounds). The stools were grayish- 
brown in color, unformed, and the average of 5 determinations of fat in the 
dried stools was 42%. The glucose tolerance test on admission showed a 
rise of 2 mg. per 100 cc.; a second test done 8 months later, after adequate 
liver and dietary therapy, exhibited a rise of only 11 mg. per 100 cc. The 
blood on admission showed: R.B.C. 3,800,000, Hgb. 13.2 gm. (85%), 
M.C.V. 101, M.C.H.C. 35,.4°10-", C.I. 1.14, reticulocytes 0.8%, W.B.C. 
5800. Eight months later the R.B.C. were 4,200,000, Hgb. 13.8 gm. The 
fasting stomach contents showed total acid 33°, free HC] 25°; after histamine 
(0.5 mg.) total acid 59°, free HCl 57° 


Comment (Case 1). The history and physical findings are typi- 
cally those of the sprue syndrome except for the rather indefinite 
. account of attacks of diarrhea from childhood on. These may well 
have been due to sprue, for the syndrome may begin at any age. 
The patient received very adequate treatment with liver extract, 
yeast (Vegex), iron and a diet low in fats but adequate in proteins 
and vitamins. Her response to treatment has been very poor and 
she continues to suffer from the symptoms with which she was first 
seen. 


CasE 2 (Duke Hosp., No. 70486). A man, aged 56, for 2 years before 
admission had noticed progressive weakness and gradual loss of weight, 
and for the past year has had intermittent bouts of diarrhea, with the 
passage of 4 to 5 stools, large in volume, light yellow in color and foul 
smelling. His continued loss of strength brought him:to the hospital. 


Physical and Accessory Examinations. Except for marked evidences of 
loss of weight and edema of the feet and legs, the physical examination 
was not important. He had lost some 30 pounds in 2 years. The stools 
were semiliquid, silver-gray in color, foul-smelling, looked fatty and were 
greasy to touch. Of the dried 24 hour stool, 37.8% was fat. Oral glucose 
tolerance test showed a rise of 10 mg. per 100 cc. Blood: R.B.C. 1,100,000, 
Hgb. 6.3 gm. (41%), C.1. 1.72, hematocrit 21 vols.%, M.C.V. 144, M.C.H.C 
52, W.B.C. 4900. The fasting stomach contents showed total acid of 10°, 
free HCl 0; after histamine total acid 89°, free HCl 80°. 

Course. This patient was admitted to Duke Hospital 3 times from 
July, 1936, to April, 1939. On the first admission the diagnosis of sprue 
was registered and adequate treatment given to which he made a satisfac- 
tory response, gaining 1,690,000 R.B.C. and 4 gm. of hemoglobin in 26 days. 
The diarrhea ceased and he felt very well, but gained no weight. 

Despite careful instructions as to therapy, and several requests by letter 
for his return to the clinic, he was not seen until nearly 2 years later. At 
that time he had lost so much weight as to be merely “skin and bones.”’ 
He reported that during the preceding year the diarrhea had returned and 
that he had grown so weak that he had been forced to remain in bed in the 
County hospital. 

On the second admission nothing new was discovered, although all 
former tests, Roentgen rays and so on were repeated, except signs of sub- 
clinical tetany, with blood values for calcium of 4.8 mg. per 100 ec., and for 
phosphorus of 2.5 mg. per 100 cc. A hyperchromic-macrocytic anemia was 
still present, 35° of free HCl were found after histamine; fat in the stool 
was 56% of the dried weight. The therapeutic response to liver, iron, 
calcium and a high vitamin, high caloric diet was very unsatisfactory. 
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The reticulocyte response to liver extract was only 2.4% with a R.B.C. 
count of 1,900,000, and he gained in 30 days of treatment only 650,000 
R.B.C. and 1.5 gm. of hemoglobin. 

One year after his second admission he was sent by the County social 
welfare service for a third admission. His failure to improve in health had 
made him dependent. upon public support and his condition on admission 
was that of advanced sprue cachexia. He was now given maximum liver 
therapy parenterally and orally, together with all dietary aids, but he 
failed completely to respond to therapy. 

The R.B.C. on admission were 2,300,000, Hgb. 9.3 gm. and were almost 
the same on discharge after 4 weeks of intensive liver therapy, during which 
he received from 30 to 60 U.S.P. units daily. 

Forty-seven per cent of the dried stool was fat; there was a rise of only 
13 mg. per 100 cc. in the glucose tolerance curve and there were 91° of free 
HCl in the stomach contents after histamine stimulation. He died 1 month 
after discharge. No autopsy. 


Comment (Case 2). The 2 instances of the sprue syndrome, just 
detailed, though not presenting evidences of unusual severity, yet 
proved almost totally refractory to the most intense liver and dietary 
therapy. It must be emphasized that we have seen many patients 
much more ill in appearance than were either of these 2, but who 
responded rapidly and most satisfactorily to far less liver therapy 
than these 2 patients received. 


Case 3 (Duke Hosp., No. A-13088). A man, aged 21, was admitted on 
3 occasions, twice for diagnostic studies of only a few days’ duration, during 
which no treatment was given, and a final admission of 4 days which ter- 
minated by death, with autopsy. The diagnosis “sprue” was registered 
on each admission and proper treatment advised. 

He had been a normally healthy child, with no history of any intestinal 
trouble. At the age of 14 he began to have bouts of diarrhea at intervals 
of from 1 to 3 months, passing 4 or 5 watery stools daily. During such 
attacks his appetite failed and he suffered from mild abdominal “gas pains,” 
relieved by defecation. 

It is impossible to say how much treatment he received, but he was given 
liver intermittently. Gradually the periods of diarrhea became more fre- 
quent, of longer duration and were accompanied by anorexia, vomiting and 
marked weight loss, which was regained in part during the periods of remis- 
sion. In the 4 months just preceding his final admission he lost 60 pounds 
(average weight 130; admission weight 70). He has suffered from soreness 
of the tongue and mouth. 

Physical and Accessory Examinations. On his final admission he was 
terribly emaciated, weighing 70 pounds, and was described as “just skin and 
bones.” Stools: these had the appearance of “light yellow, foamy soup,”’ 
and 56% of the dry weight was fat. A glucose tolerance test showed a rise 
of 14 mg. per 100 ec. The blood showed constantly a mild macrocytic- 
hyperchromie picture, with a M.C.V. ranging from 91 to 98 and a color 
index of from 1 to 1.3. On the final admission ascorbic acid, carotene and 
vitamin A were absent from the blood plasma. The fasting stomach contents 
showed no free HCl but, after histamine stimulation, 16° were found. 


Comment (Case 3). Owing to the patient’s obviously very serious 
condition he was given maximum treatment with liver extract and 
all the available vitamins, intravenously. He showed no improve- 
ment whatsoever and died after 10 days. 
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The autopsy failed to demonstrate a cause of death. There was 
great emaciation and loss of fat everywhere, with microsplanchnia. 
The mucosa of the entire gastro-intestinal tract appeared quite 
normal. The pancreas and adrenals were normal in appearance. 
Permission could not be obtained to open the cranium. 


Case 4 (Duke Hosp., No. A-29848). A woman, aged 30, was admitted 
following a 3 months’ stay in another hospital, where she was under the care 
of an experienced physician who had made the diagnosis of sprue and carried 
out what seemed to be intensive and adequate liver and dietary treatment, 
together with iron and anterior pituitary extract. A glucose tolerance test 
had revealed that there was no rise whatever in the curve (fasting sugar 
100 mg. per 100 cc.; at } hour intervals it was 83, 83, 86, 90, 100 mg. per 
100 cc.). She was transfused on several occasions. 

Eight months previous to admission she had developed malaise, weakness, 
slight anorexia and a diarrhea which had steadily increased in frequency 
and severity. She passed from 4 to 8 large clay-colored foul-smelling stools 
daily. In 1 month she lost 13 pounds and on admission weighed 73 pounds. 
Her condition on admission was obviously serious in the extreme. One 
observer described her as ‘one of the most realistic examples of skin and 
bones that I have ever seen.”’ She had lost some 30 pounds. The tongue 
was beefy red, dry and quite devoid of papillz. She swallowed even liquids 
with difficulty. Stools: these were thick-liquid, light colored and contained 
51% and 54% fat on 2 occasions. Proctoscopic examination showed no 
ulcerations or abnormalities, and the stools did not contain blood. Owing 
to her condition no glucose tolerance test or gastric analysis was done. 
The report from the hospital from which she was transferred stated that 
there was no free HCl in the gastric contents after histamine stimulation. 
There were 3,750,000 R.B.C., Hgb. 13.9 gm., color index 1.2. There was 
marked anisocytosis with macrocytes predominating; red cells were filled 
with hemoglobin. 

As pointed out above, the patient had received adequate treatment for 
sprue before admission; but in view of her desperate condition liver extract 
was administered both intravenously and intramuscularly in maximum 
doses, together with glucose and several blood transfusions. She was given 
adequate amounts of nicotinic acid, riboflavin and thiamin chloride and 
calcium gluconate intravenously, but in spite of this heroic therapy she 
became progressively weaker and expired on the tenth day. 

The autopsy findings in this patient were almost exactly similar to those 
of Case 3. With the exception of moderate edema of the entire gut, nothing 
abnormal was found. The pancreas was small but so were all the abdom- 
inal viscera. No structural cause of death could be established. 


Summary and Conclusions. The essential criteria for the diagno- 
sis of the sprue syndrome (celiac disease—sprue) are detailed. 

The physical character of the stools in sprue is an unreliable 
diagnostic aid, since this varies from “dirty dish-water” to the 
classic large, foamy stools of the text-books. A quantitative esti- 
mation of fat in the stools is the only reliable evidence of steatorrhea. 

Abbreviated histories of 4 sprue patients are given, all of whom 
exhibited marked refractivity to the form of treatment which in 
the great majority of patients suffering from the sprue syndrome 
yields prompt and brilliant results. In other words, under certain 
conditions the morbid process appears to be irreversible. The 
reason for this occasional refractivity is not known. 
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Three of the 4 patients died, and 2 were examined postmortem. 
The autopsy findings were similar in every way to those reported 
by other observers, being those of extreme inanition only, and inade- 
quate to explain the fatal outcome. 
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PERIARTERITIS nodosa is no longer thought to be a hopeless 
malady. During recent years, several cases of this disease have 
been reported which were characterized by marked chronicity, re- 
missions and apparent cures. 

The purpose of this paper is to report a case of periarteritis nodosa 
in a negro male which was successfully treated with sulfapyridine. 
The response to the therapy was prompt and the patient is appar- 
ently well 19 months after the cessation of treatment. 

No attempt was made to make a complete survey of the literature. 
Only those cases showing spontaneous remissions or therapeutic 
responses were analyzed. 

Carling and Hick! reported the gradual recovery from an active 
phase of periarteritis nodosa with the use of intravenous injections 
of arsenicals. Several months later the patient was apparently well 
except for some evidence of generalized muscular wasting. 

Schottstaedt® treated a 41-year-old barber with neosalvarsan. 
The patient gradually improved and after several months was 
apparently cured. Approximately 2 years later the patient was still 
in a state of “remission.” 

Macaigne and Nicaud* reported the occurrence of periarteritis 
nodosa in a female who suffered her initial attack at the age of 


*) 


27 years. After a latent period of 5 years, she had crises of increas- 
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ing severity every year for about 10 years. The treatment consisted 
of general systemic and symptomatic measures. The patient was 
alive at the time the paper was published. 

Martin et al.‘ described a case which had existed for 10 years 
and was characterized by five separate crises. In the first crisis, 
“T.0.D.” vaccine and injections of milk relieved her symptoms. 
Incision of “fixation abscesses’’ resulted in a favorable response in 
the second, third, and fourth crises. Arsphenamine may have bene- 
fited the fifth crisis but recovery was not evident at the time the 
report was published. 

Motley® treated a 31-year-old male with general physiologic 
measures, blood transfusions, small doses of neoarsphenamine, and 
a high vitamin diet. The patient gradually improved and was well 
several months later except for residual neurologic changes. His 
subsequent course was not known. 

Vining’ reported a case of a 7-year-old female whose illness lasted 


22 months, during which there were five phases of active illness. 


No specific therapy was used. She was well at the time of the 
published report 1 year after discharge. 

Lindberg, according to Vining,’ reported a case of a child 15 years 
of age who was treated with iodides and recovered after an illness 
of 43 years’ duration. 

Grant? reports 7 cases, 4 of which were still alive. The essential 
treatment in these was one of supportive measures. 


Case Report. The patient, J. W., a negro male, aged 22, entered the 
hospital on April 14, 1940, complaining of aching pains in the legs, neck, 
and general weakness of 8 days’ duration. 

He stated that the onset of his present illness began with dull aching pains 
in the legs, right arm and neck. The pain was so severe that he was 
unable to stand or use his arm. Aspirin gave only temporary relief. At 
no time did he notice any swelling of the joints. The pain became localized 
in both calf muscles and the right biceps. Chills and fever were associated 
with these pains. Shortly. after the onset, a small nodule appeared in 
the left forearm which he described as about the size of a ‘buck-shot.” 

He had the usual childhood diseases. A tonsillectomy was performed 
15 years ago. He was not subject to attacks of pharyngitis or tonsillitis. 
He gave no history of attacks similar to his present illness. 

The family and marital history were essentially negative. 

He worked in a C.C.C. camp 6 months prior to the onset of the present 
illness. His eating and sleeping habits were of a normal character. 

Physical Examination. The patient was a well-developed and well- 
nourished negro male who was lying in bed under a heat tent and appeared 
to be in acute distress, especially whenever he attempted to move his right 
arm or legs. 

The temperature was 100° F., pulse 80, respiration 22, blood pressure 
100/58 mm. Hg. He weighed 125 pounds. The examination of the heart 
and lungs revealed normal findings. There were no enlarged organs or 
masses in the abdomen, and no tenderness was elicited on deep palpation. 
The muscles of the neck were tender but there was no limitation of motion. 
The muscles of the arms and forearms, particularly the flexors, were tender 
with a 90% limitation of motion. Small, firm, freely movable, moderately 
tender subcutaneous nodules measuring 0.2 to 0.5 cm. in diameter were 
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present on the volar surface of each forearm in the region of the ulna. 
There was no evidence of muscular atrophy. The calf muscles of both legs 
were extremely tender, but there was no limitation of motion and no nodules. 
All reflexes were physiologic. Examination of the fundi disclosed no 
abnormalities. 

Laboratory Examination. An EPA view of the chest revealed no evi- 
dence of pulmonary disease. The heart and great vessels were of normal 
size and configuration. An electrocardiogram revealed no evidence of 
myocardial disease. 














Fic. 1.—Photomicrograph of nodule from left forearm (112). Area showing 
three small arteries in cross-sections with surrounding fibrosis and inflammatory cell 


infiltration. Vessel walls infiltrated with inflammatory cells. Each vessel is throm- 
bosed. 


Hematologic studies revealed 4,600,000 red blood cells per c.mm. Hemo- 
globin 95% (Sahli), white blood corpuscles 21,500 per c.mm., neutrophils 
77%, lymphocytes 11%, monocytes 11%, basophils 1%. The sedimenta- 
tion rate was 20 minutes (Linzenmeier method). Urinalysis revealed no 
abnormal findings. The blood chemistry was as follows: urea nitrogen 
14 mg. per 100 cc., glucose 80 mg. per 100 cc., icterus index 16.5, cholesterol 
150 mg. per 100 ce. Phenolsulphonephthalein and Fishberg kidney func- 
tion tests were within normal limits. Kline and Kolmer tests of the blood 
were negative. Blood agglutinins for typhus, typhoid, paratyphoid and 
undulant fever were all negative and remained so on subsequent exam- 
inations. 

The biopsy of the forearm revealed an elliptical shaped piece of skin 
measuring about 1.5 em. in length and 0.8 em. in diameter with about 
0.8 em. of subcutaneous tissue attached to the central portion. Serial 
paraffin sections, stained with hematoxylin and eosin, were made of the 
etire specimen. One inflammatory focus (Fig. 1) in the subcutaneous tis- 
sue consisted of three small arteries cut in cross-section which were envel- 
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oped in edematous connective tissue heavily infiltrated with lymphocytes, 
macrophages and neutrophils. A similar type of tissue was present in the 
area between each vessel. The wall of each artery was markedly thickened 
because of inter- and intracellular edema of the muscular coat and a heavy 
infiltration with inflammatory cells which were predominantly neutrophils. 
Eosinophils and lymphocytes made up the remainder of the cellular exu- 
date. Each of the three vessels was thrombosed and showed extensive 
necrosis of the endothelium. In some of the sections where the endothe- 
lium was still preserved, marked hydropic degeneration of the endothelial 
cells was present. In two of the vessels no internal elastic lamina was iden- 
tified but in the third, small, swollen portions still remained. Other vessels 
throughout the remainder of the tissue showed less extensive changes. Most 
of these vessels were very small arterioles which showed hydropic degenera- 
tion of the muscular coat and of the endothelium, accompanied by a peri- 
vascular infiltration of lymphocytes. Perivascular fibrosis was present 
about most of the vessels. 

Course in the Hospital. The patient was given a high caloric, high vita- 
min diet. Salicylates, barbiturates, and opiates were administered to 
relieve pain. Heat was applied to the body surfaces by means of a heat 
tent. All of these procedures gave only temporary relief. A nodule from the 
left forearm was taken for biopsy 4 days after admission (Fig. 1). During the 
first 2 weeks in the hospital the patient developed sudden severe, cramp- 
like abdominal pains simulating those seen in mesenteric arterial occlusion. 
His temperature fluctuated between 99.5° F. and 101° F. during the first 
2 weeks in the hospital. During the early part of the third week the tem- 
perature gradually rose and fluctuated between 100.8° F. and 103° F. 
At the end of the third week he had lost 35 pounds in weight. On the 
twenty-second hospital day he was given an initial dose of 45 gr. (3 gm.) 
of sulfanilamide followed by 80 gr. (6 gm.) daily for 6 days. There was no 
therapeutic response to the drug. 

The patient was then given 15 gr. (1 gm.) of sulfanilic acid and 7} gr. 
(0.5 gm.) of sodium bicarbonate 3 times daily for 14 days, but failed to 
respond to this therapy. The blood leukocytes remained elevated but the 
red blood cells fell to 2,900,000 per c.mm. 

Sulfapyridine was started on the thirty-ninth hospital day at which time 
the temperature was 101.5° F. An initial dose of 4 gm. was given, followed 
by 1 gm. every 4 hours. The dosage was reduced to 0.5 gm. every 4 hours 
when the blood sulfapyridine reached a high level. Within 12 hours the 
temperature dropped to 99° F. and remained between 99° and 100° F. 
for the next 12 days. Sulfapyridine was then discontinued for 2 days 
during which time his temperature rose to 101.7° F. Following resumption 
of the drug the temperature gradually fell and reached normal 8 days 
later, when the drug was discontinued. No further elevations in tempera- 
ture occurred. A total of 156 gm. of sulfapyridine was administered over a 
period of 32 days. The blood sulfapyridine levels ranged between 6 mg. 
per 100 cc. and 18.6 mg. per 100 cc., with the average level being 10.8 mg. 
per 100 cc. Just prior to his discharge from the hospital the red blood cells 
had increased to 3,600,000 per c.mm., and the hemoglobin to 60% (Sahli). 
The white cell count was normal. The sedimentation rate was normal. 
Repeated electrocardiograms revealed no evidence of myocardial disease. 
He had regained 18 of the 35 pounds he had lost in the early part of his 
illness. The nodules were no longer palpable and the patient was without 
complaints. He was discharged on July 31, 1940, 106 days after admission 
to the hospital, the last 3 weeks of which he was completely free of symptoms. 

He was readmitted 6 weeks later for a checkup examination. A routine 
physical and laboratory examination was made and all tests found to be 
within normal limits. He had gained 12 additional pounds. 
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Since his original discharge 19 months ago, we have seen him on three 
occasions, the last being on February 11, 1942. During this time he has 
been doing manual labor and enjoying perfect health. 

Case 2. H. R., colored female, aged 6 years, with history of repeated 
attacks of pain in knees, wrists, and elbows, associated with fever and 
painful nodules in skin for past 1} years. During her stay in the hospital, 
the temperature was between 99° and 103.2° except for an occasional 
period of 1 or 2 days. 


A diagnosis of periarteritis nodosa was made by biopsy of a subcutaneous 
nodule. 


She was given sulfapyridine for 1 month during which time the average 
blood level was 9.2 mg. per 100 cc. The temperature remained relatively 
low, 99° to 100°, while sulfapyridine was administered. Because of the 
low grade fever, the possibility of a drug reaction presented itself and sulfa- 
pyridine was discontinued. The temperature returned to normal 19 days 
later where it has remained for 5 weeks. Associated with the return of 
normal temperature, there was a disappearance of all nodules, marked 


clearing of the edema of upper eyelids, return of normal sedimentation rate, 
and a feeling of well-being. 


Comment. Case | is the first case of periarteritis nodosa which was 
diagnosed antemortem at the Charity Hospital in New Orleans. 

The diagnosis was definitely established by biopsy 1 week follow- 
ing his admission to the hospital, and 2 weeks after the onset of his 
illness. 

The prompt response to sulfapyridine therapy after other thera- 
peutic measures apparently failed, would seem to indicate that the 
drug had some specific action. Support of this view is evidenced 
by the elevation of temperature following the withdrawal of the 
drug as well as the drop in the temperature when the therapy was 
resumed. 

It is reasonable to assume that the early diagnosis which permitted 
the early institution of sulfapyridine therapy, accounted for the 
good resporise in this case.’ 

The infiltration of eosinophils into the acute arterial lesions is 
probably due to the local response to degenerating muscle in the 
vessel wall. There was no peripheral eosinophilia or any other 
evidence of an allergic state. 

Summary. 1. A case of periarteritis nodosa which was success- 
fully treated with sulfapyridine is reported. 

2. The patient is apparently well 19 months after treatment. 

3. The institution of treatment relatively early in the disease was 
probably an important factor in the favorable result obtained. 
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BOOK REVIEWS AND NOTICES 


THE PRINCIPLES OF NEUROLOGICAL SuRGERY. By Loyau Davis, MS., 
M.D., Px.D., D.Sc. (Hon.). Pp. 503; 298 illustrations and 5 colored 
plates. Second Edition. Philadelphia: Lea & Febiger, 1942. Price, 
$7.00. 

To have compressed the principles of neurologic surgery into less than 
500 pages and to have included in these pages the gist of all that a neuro- 
surgeon needs to know about his specialty is no mean feat in terse and 
compact writing. Other authors have covered various special subjects of 
course in greater detail, but this is the only textbook known to the Reviewer 
in which all the problems thrown into the neurosurgeon’s lap from spina 
bifida to hypertension and from cranio-cerebral injuries to the surgery of 
pain are briefly and intelligently discussed. The first chapter comprises a 
review of the anatomy and physiology of the nervous system; brief to be 
sure, but entirely adequate. The second chapter on cranio-cerebral injuries 
is not as satisfactory a discussion of an important subject as are those that 
follow. Nothing is said of the treatment of compound fractures or of pene- 
trating wounds of the skull. The discussion on intracranial tumors, diag- 
nosis, classification, pathologic types, results of treatment, is excellent, 
giving the student or general practitioner all that he needs to know on these 
subjects. Brain abscess, bone infections and cysts and tumors of the skull 
are adequately considered. The surgery of the cranial nerves begins with 
a short but excellent account of the symptoms, diagnosis and treatment of 
major trigeminal neuralgia. Finally lesions of the last four cranial nerves 
are described. Spinal cord injuries and their treatment and the diagnosis, 
localization and management of the various types of spinal cord tumors 
comprise the next two chapters. Turning from the spinal roots to their 
endings in the peripheral nerves, an excellent description is given of the 
diagnosis and treatment of injuries to these structures. This is one of the 
most satisfactory chapters in the book. From the peripheral nerves the 
logical step is a description of how to relieve the most distressing symptoms 
of irritation or compression of these structures, namely, pain. The indica- 
tions for rhizotomy, cordotomy or section of the cervico-thoracie or lumbar 
sympathetic chains are clearly described in these very enlightening chapters. 
The next sections include a consideration of the value of surgery in the 
treatment of epilepsy, a short summary of the diagnosis and proper manage- 
ment of cervical rib, syringomyelia and traumatic arterio-venous aneurysm, 
hydrocephalus and spina bifida. The last 50 pages are given over to a dis- 
cussion of the surgical treatment of hypertension. An excellent short 
review is included of the experimental investigations upon which this 
treatment is based. 

As may be gathered from this brief review, this book touches upon all 
branches of neurosurgery. The author states in his preface that he makes 
no pretense at including an exhaustive treatise upon each subject considered, 
but hopes to give to the practitioner of medicine and to the medical student 
easily assimilable facts which will aid them in obtaining a more accurate 
concept of neurologic surgery to the end that their patients will receive 
accurate and sound advice. 

This purpose, the Reviewer feels, has been adequately accomplished. 
The author has for the most part sifted his facts with sound judgment and 
omitted much that is non-essential. His publishers have provided him with 
a clear, legible type and the privilege of using many excellent —— 
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MepicaL Diseases IN TrRopICAL AND Sus-rropicaL Areas. Reprinted 
by permission of the Controller of His Brittanic Majesty’s Stationery 
Office. First American Edition. Pp. 282; 108 figures. Brooklyn, N. Y.: 
Chemical Publishing Company, Inc., 1942. Price, $4.75. 


To quote from the preface, ‘This, the sixth edition of the Memoranda— 
is in no way to be regarded as a substitute for any of the excellent treatises 
on Tropical Medicine available, nor does it claim to cover the whole range 
of tropical medicine; rather it is intended as a handy manual for use in the 

The ‘List of Contents” will best indicate the subjects covered—Beri- 
beri, Cerebro-spinal Fever, Cholera, Diarrhoea, Dysentery (Bacillary), Heat- 
stroke, Jaundice} Paratyphoid Fever, Plague, Relapsing Fever, including 
Tick Fever, Scurvy, Small-pox, Sprue, Trench Fever, Typhoid Fever, 
Typhus Fever, Undulant Fever, Yellow Fever. 

Each of the diseases that has been included is discussed briefly but 
adequately; etiology, symptoms, prognosis, diagnosis, differential diagnosis, 
prophylaxis and treatment being given. Representing, as it does, the work 
of many authorities and being an official publication of the British War 
Office, the book needs no further recommendation. It should be in the 
hands of every medical officer of the Army of the United States and should 
not be neglected by physicians in civil life. -H. R. 


FEDERATION PROCEEDINGS, a Quarterly publication by the Federation of 
American Societies for Experimental Biology. Editorial Board, W. O. 
Fenn, Chairman; Philip Bard; C. G. King; Morton McCutcheon; C. F. 
Schmidt; and A. H. Smith; D. R. Hooker, Managing Editor—19 W. 
Chase St., Baltimore, Md., 1942. Price, $4 ($4.75 foreign). 


Tue first issue of this new publication in March, 1942, contained the 
complete Federation program of its 5 component Societies. It has been 
arranged that the June and September issues will contain the full text of 
20 or more papers presented at the annual meeting, and the December issue 
will contain material pertinent to the Federation membership. The publica- 
tion takes the place of the former “Federation Yearbook” which will be 
discontinued, as will the publication of abstracts of the component societies 
in their specialized journals. The new publication should prove of value to 
libraries, laboratories and individuals wishing to keep abreast of biologic 
research in North America. It will be distributed to the 1800 Federation 
members on payment of their society dues. E. K. 


ADMINISTRATIVE Mepicinge. Haven Emerson, A.M., M.D., Editor. 
Pp. 826; several figures. New York and Edinburgh: Thomas Nelson 
& Sons: copyright 1937, 1940, 1941. 

Tuis volume, containing 53 short, concise chapters written by men and 
women preéminent in their respective fields, is best described by quoting 
the Editor: 

“With the growth of specialization in medical training, skills, and 
experience, and in part as a sequel of the elaboration and great expense of 
apparatus for diagnosis and treatment of disease, and still more because of 
inclusion of the application of preventive and curative medicine among the 
functions of civil government, there has been an increasing diversion of 
professional personnel and of collective financial resources from the indi- 
viduals to the organized use of medical arts and sciences over the past 
fifty years and more. 
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“It may be said that almost every member of an American community, 
whether urban or rural, comes into personal relation with one or many of 
the voluntary or governmental agencies of medical service each year 
whether he seeks personal care in sickness or receives in a direct or remote 
way some protection from the local or state department of health. 

“Tt is primarily to bring to physicians a more precise description of the 
functions and organization of these institutions and agencies that persons 
of experience and authority in the various special fields of administrative 
medicine have collaborated as authors for this volume. 

“Tn Part I is presented the development of organized care of the sick in 
its chronological sequence from its original, and still its most important, 
function of general hospital care of bed patients, through to the elaborate 
and socially precious symbol of public interest in securing the best services 
of the medical sciences for all who need them. 

“Tn Part II, the arrangement and approach are more according to the 
patterns of governmental and social structure than along the lines of 
historical development. First, the official and then the voluntary or non- 
official health services are dealt with, the international, national, state or 
provincial, and local city, county, or district.” 

The volume may help “to correct a common tendency among physicians 
to concern themselves only with the medical and health needs of their 
private patients.”’ R. B. 


SEROLOGY IN SyPHILIs CoNTROL. PRINCIPLES OF SENSITIVITY AND SPECI- 
Ficrry. By Revsen L. Kann, M.D., D.Sc. Pp. 206; 31 tables, 1 chart. 
Baltimore, The Williams & Wilkins Company, 1942. Price, $3.00. 
Tue Reviewer has read Dr. Kahn’s book as a physician who needs a 

text in which he “would find, not which serologic test is better or poorer 
than the other, but considerations of the principles of serology; considera- 
tions which would enable them to best utilize these tests in the diagnosis 
and treatment of syphilis and in the control of this disease.” While there 
are many features of the book which commend it to physicians interested in 
serology, unfortunately some of the important questions puzzling physicians 
are left unanswered and much of the good information requires a fairly 
intense knowledge of the basis of serology for its comprehension. 

A recent analysis of 2000 questions that the doctor asks about syphilis 
(Stokes, Ingraham and Stannard, Ven. Dis. Inform., 21, 147, 1940) showed 
the blood serologic reaction to be the third problem in interest and that 
the doctor’s inquiries concern: 1, Fixed or irreversible positive serologic 
tests. No ready reference to a discussion of this important phenomenon 
could be found beyond the possible use of the quantitative procedure in 
determining true seroresistance (p. 140). 2, General interpretative ques- 
tions. This point is covered in a general way insofar as the thesis of the 
study is to show how far one may depend on serologic reactions in syphilis 
with regard to sensitivity and specificity; but there is no statement for the 
practitioner on the meaning of the different reactions reported by the 
laboratory. 3, Questions of laboratory procedure, relative merits of various 
tests, shortcuts, and so forth. The author in his preface feels that there is 
not as much need for a book discussing “‘which serologic test is better or 
poorer than theother”’ as there is for consideration of the principles of serology. 
4, Conflicting serologic tests and, 5, false positive serologic tests. These 
points are well covered. Unfortunately for the uninitiated the Kahn verifi- 
cation test is spoken of freely (pp. 90, 91, 92, 93, 94, 95, 96, 97), but what 
the test is and what it means is not ‘described until p. 166. 6, Serologic 
relapse in treated cases. This problem is not dealt with. 7, When to 
take the serologic tests (relation to exposure, treatment, series for deter- 
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mination of cure and so forth). This subject is discussed along rather broad 
lines; there is no guide for the practitioner not equipped with the best sero- 
logic service such as Dr. Kahn gives his colleagues. 8, Questions on cord 
blood tests. This is only discussed in connection with the quantitative 
procedure (p. 139). 9, Questions on provocative tests. No discussion. 
10, Frequency of various results. 11, Number of tests necessary for various 
diagnoses. These questions are difficult for the expert and Dr. Kahn has 
handled the results of various serologic conferences expertly. The practi- 
tioner still wishes to know which test shall be believed, if so many factors 
affect their outcome on identical specimens in the hands of the best serolo- 
gists. From these observations and other data from the text, one concludes 
that the subject is handled from the laboratory and not clinical viewpoint. 

There are a number of commendable features in Dr. Kahn’s book. The 
historical chapters (V and VI) on complement fixation and precipitation 
in syphilis are written in a fascinating style, and the chapters appended 
are of value for the industrial or public health physician. Dr. Kahn has 
clearly indicated the vast difference in a small fraction of a per cent of 
specificity as contrasted with a relatively large difference in sensitivity now 
that large population groups are being tested for syphilis. There are few 
errors in typography or editing. Certain ambiguous phrases like “mixed 
cases of syphilis” are confusing. 


On the whole this book is stimulating reading for those interested in 
serology in syphilis control. H. B. 


Tue BrioLocy or THE Negro. By JutiaN Herman Lewis, Px.D., M.D., 
Associate Professor of Pathology, University of Chicago; Member of the 
Otho S. A. Sprague Memorial Institute for Medical Research; Senior 
Attending Pathologist, Provident Hospital, Chicago, Ill. Pp. 433; 17 
tables. Chicago: The University of Chicago Press, 1942. Price, $5.00. 
THE scope and method of approach of this pioneer and valuable study is 

well indicated in the advertisement on the cover as follows: 

“The reaction to disease is no less a racial characteristic than is head 
form or skin color. To prove this Dr. Lewis adopts the technics of the 
anatomist, physiologist, chemist, and pathologist to discover many striking 
racially specific characteristics in the Negro’s reaction to disease. Here he 
assembles for the first time the voluminous but widely dispersed information 
on the physical and biological makeup of Negroes—American and African— 
and on their reaction to disease. In no other people is it possible to com- 
pare simultaneously such a wide diversity of factors; they may be studied 
under primitive and civilized conditions, enslaved and free, comparatively 
pure and mixed with other races. When a balance is struck between the 
assets and liabilities of the Negro in his struggle with his environment, which 
includes disease, it is found to be in his favor. This is expressed i in his 
ability not only to survive but to flourish on two continents. 

“Differentiating between biological and environmental factors in disease, 
the author examines the greatest liabilities of the Negro—his excessive 
morbidity and mortality rates from heart disease, tuberculosis, and syphilis. 
Dr. Lewis suggests that the two last-mentioned ‘diseases are more virulent 
in Negroes because they (7. e., the diseases) are four hundred or more years 
younger in them than in white people. The Negro’s assets are his birth rate, 
his physical stamina, and his resistance to malaria, exanthemata, and certain 
surgical conditions. 

“The book will be of value to anthropologists and biologists as a measure 
of the differences and similarities other than the obvious ones which may 
exist between races. It is of interest to sociologists in pointing out the 
reciprocal influence of disease and social conditions. It is important to 
doctors as a comparison of disease behavior among races.’ 
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The book maintains the usual high standard of works from this press, 
both in content and format. One is surprised, however, to see on the first 
page Japanese names retained as co-publishers of a book that appears on 
May 12, 1942. : 


TExTBOOK OF MepicaAL TREATMENT. By Various Authors. Edited by 
D. M. Duntop, University of Edinburgh, L. S. P. Davipson, University 
of Edinburgh, and J. W. McNezg, University of Glasgow. Pp. 1179: 
26 illustrations. Second Edition. Baltimore: Williams & Wilkins 
Company, 1942. Price, $8.00. 


Tuts book has been written by practicing physicians and members of the 
faculties of medicine of the Universities of Edinburgh, Glasgow and Aber- 
deen. It is strongly recommended to all those primarily interested in the 
fields of internal medicine and general practice. It is also an excellent 
textbook for students. It is up-to-date, clear, precise and concise yet 
detailed enough to include a thorough consideration of the treatment of 
the patient as a whole as w ell as that of his disease. The methods described 
by the authors are those “which from their personal experience they have 
found to be most useful.” These, in general, are similar to the best accepted 
methods employed in this country. 


Mavupe Assott, a Memoir. By H. E. MacDernor, M.D., F.R.C.P. (C.). 
Pp. 264. Frontispiece of Maude Abbott from the portrait in oils by 
Mrs. C. H. Eastlake. Toronto: The Macmillan Company of Canada, 
1941. Price, $2.50. 


No one could have had even the briefest contact with Maude Abbott 
without realizing that she was, in more ways than one, a very remarkable 
woman. Many of these ways are portrayed with enthusiasm, sympathy 
and frankness in this entertaining, penetrating memoir. Dr. Abbott’s nota- 
ble achievements—and they were many—are allowed to fall naturally 
into line with her shortcomings—what human being does not have plenty? — 
to produce an accurate and interesting, three-dimensional view of this 
dynamic personality. The pure gold gleams in her triumphs over adversi- 
ties, her resilient but by no means uncomplaining reactions to setbacks, 
and above all in her abnegating, self-obliterating, completely unselfish, 
year-long devotion to her invalid sister. The results of her persistent, 
untiring, though often unsystematic, activity are best seen in her note- 
worthy contributions to the knowledge of congenital heart disease, of which 
she was internationally recognized as the leading authority of her genera- 
tion. This and her other scientific achievements, together with her creation 
and almost single-handed maintenance of the International Association of 
Medical Museums, and her noteworthy bibliography of the works of Sir 
William Osler, all well presented in this short memoir, are the high spots of 
her career. The chapter on Reminiscences and Anecdotes might well have 
been longer; one would like to have seen, for instance, the account of her 
first auto accident: she buys a secondhand Ford, to save time between the 
Women’s Medical College and Blockley, and undaunted by lack of operator’s 
license and knowledge of driving—a child runs across the street—in her 
confusion she pursues it on the sidewalk and eventually runs it down— 
fortunately its injuries are trivial and a Philadelphia friend who knows the 
magistrate saves her from a night in jail. 

Dr. Abbott was a pioneer in several of women’s activities in medicine, 
but she will be chiefly remembered by her many friends for the reasons so 
well given by Dr. Matthew Stewart, of Leeds: ‘ Kindhearted and generous 
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to a fault, she combined a quiet simplicity of mind with great intellectual 
ability and an energy and enthusiasm which were at once the admiration 
and despair of her friends. In her long and happy life she had passed 
through much tribulation —she had had ‘misfortunes great and sma’, but 
aye a heart abune with a’’—and the memory of her joyous, vital, enthusias- 
tic personality w ill ever be treasured by those of us who were privileged to 
be her friends.” E. K. 


NEW BOOKS 


Biological Symposia. Edited by Jacques Catre.., Editor of The American 
Naturalist and American Men of Science. Pp. 322; many figures. 
Lancaster, Pa.: The Jaques Cattell Press, 1942. Price, $3.25. 

The Dynamic State of Body Constituents. By Rupo_¥r ScHOENHEIMER, Late 
Associate Professor of Biological Chemistry, Columbia University. 
‘ Harvard University Monograph in Medicine and Public Health No. 3. 
Pp. 78; several figures and tables. Cambridge, Mass.: Harvard Uni- 
versity Press, 1942. Price, $1.75. 

The Pathology of Trauma. By Aan RicHarps Moritz, M.D., Professor 
of Legal Medicine, Harvard Medical School; Lecturer in Legal Medicine, 
Tufts College Medical School; Lecturer in Legal Medicine, Boston Uni- 
versity School of Medicine; Pathologist, Mass. State Dept. of Public 
Safety; Associate Medical Examiner of Suffolk County. Pp. 386; 117 
illustrations. Philadelphia: Lea & Febiger, 1942. Price, $6.00. 

Fundamentals of Anesthesia, An Outline. By Subcommittee on Anesthesia 
of National Research Council. Pp. 217; 72 illustrations. Chicago: 
American Medical Association Press, 1942. Price, $2.50. 

The Function of the Orgasm. By WirrHetM Retcu, M.D. Translated from 
the German Manuscript by THropore P. Wotre, M.D. Pp. 368; 
several figures. New York: Orgone Institute Press, 1942. Price, $3.00. 
The review of the first number of the International Journal of Sex Economy and 

Orgone-Research, appearing in the August number of this Journal, is sufficiently 

applicable to this book not to require further notice of it in our reviewing columns. 

The Reception of William Beaumont’s Discovery in Europe. By GEORGE 
RoseN, M.D. Foreword by Joun F. Futron, M.D. Pp. 97; frontispiece 
of William Beaumont. New York: Schuman’s, 1941. Price, $5.00. 


Plastic Surgery of the Breast and Abdominal Wall. By Max Tuorek, 
M.D., LL.D., F.LC.S., F.1.C.A. With an introduction by RupoLtr 
Nissen, M.D., F.I.C.S., and a foreword by J. Eastman SHEEHAN, M.D., 
F.A.CS. Pp. 446; 458 figures. Springfield, Ill.: Charles C Thomas, 
1942. Price, $16.50. 

Physical Chemistry. For Students of Biochemistry and Medicine. By 
EDWARD STauNTON West, Pu.D., Professor of Biochemistry in the Uni- 
versity of Oregon Medical School. Pp. 368; 32 tables, several figures. 
New York: The Macmillan Company, 1942. Price, $5.75. 

Nutrition and Chemical Growth in Childhood. Vol. 1, Evaluation. By Icte 
G. Macy, Pu.D., Director of the Research Laboratory of the Children’s 
Fund of Michigan. Pp. 432; 66 figures. Springfield, Ill.: Charles C 
Thomas, 1942. Price, $5.00. 

Occupational Tumors and Allied Diseases. By W. C. Hurper, M.D., 
Assistant Director and Principal Pathologist, Warner Institute for Thera- 
peutic Research, New York City. Pp. 896; many figures, 3975 references, 
Index. Springfield, Ill: Charles C Thomas, 1942. Price, $8.00. 
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Synopsis of Blood Diseases. By A. Piney, M.D., M.R.C.P., Director, 
Pathological Department, Royal Cancer Hospital, London; Physician, 
St. Mary’s Hospital for Women and Children, London. Pp. 120; 4 plates, 
and several tables. Philadelphia: The Blakiston Company, 1942. 
Price; $2.75. 

Blood Grouping Technic. By Fritz Scuirr, M.D., Late Chief of the 
Department of Bacteriology, Beth Israel Hospital, New York, and 
Witi1aM C. Boyp, Px#.D., Associate Professor of Biochemistry, Boston 
University. Pp. 248; many figures and tables. New York: Inter- 
science Publishers, Inc., 1942. Price, $5.00. 

Symposium on Industrial Medicine. Medical Clinics of North America, 
No. 4, July, 1942. Philadelphia: W.B. Saunders Company. Pp. 348; 
many illustrations. 

The Surgery of Pancreatic Tumors. By ALEXANDER BruNscHwia, M.S., 
M.D., F.A.C.S., Professor of Surgery, University of Chicago. Pp. 421; 
123 figures. St. Louis: C. V. Mosby Company, 1942. Price, $7.50. 

How to Live in the Tropics. By Viratnta Hun. Pp. 178; several tables. 
New York: Harcourt, Brace & Co., 1942. Price, $2.00. 


NEW EDITIONS 


Essentials of Pathology. By Lawrence W. Smiru, M.D., Professor of 
Pathology, Temple University School of Medicine; Formerly Assistant 
Professor of Pathology, Harvard Medical College; and Associate Professor 
of Pathology, Cornell University School of Medicine, and Epwin §. 
GauLt, M.D., Associate Professor of Pathology, Temple University 
School of Medicine. Foreword by James Ewi1ne, M.D., Memorial 
Hospital, New York City. Pp. 960; 685 illustrations. Second edition. 
New York: D. Appleton-Century, 1942. Price, $10.00. 

Red Cross Home Nursing. By Lona L. Trort, R.N., B.S., Assistant 
Director, Health Education, Red Cross Nursing Service. Pp. 431; 
many illustrations and figures. New Edition. Philadelphia, The 
Blakiston Company, 1942. Price, $.75. 

Diseases and Injuries of the Larynx. By CHEVALIER Jackson, M.D., 
Sc.D., LL.D., F.A.C.S., Honorary Professor of Broncho-esophagology, 
Temple University, Philadelphia, and Cuevatier L. Jackson, A.B., 
M.D., M.Sc. (Med.), F.A.C.S., Professor of Broncho-esophagology, 
Temple University. Pp. 633; over 200 illustrations including 11 plates 
in color. Second Edition. New York: The Macmillan Company, 1942. 
Price, $8.00. 

Intestinal Obstruction. By Owen H. WaANGENSTEEN, B.A., M.D., Px.D., 
Professor of Surgery of the University of Minnesota and Surgeon-in- 
Chief of the University of Minnesota Hospital. Pp. 484; 143 figures. 
Second Edition. Springfield, Ill.: Charles C Thomas, 1942. Price, 
$7.00. 

Questions in Laboratory Methods. By R. B. H. Grapwout, M.D., Sc.D., 
Director, the Gradwohl School of Laboratory Technique, St. Louis, Mo. 
Pp. 71. Second Edition. Published, The Gradwohl School of Labora- 
tory Technique, 1942. Price, $2.50. 


Physical Signs in Clinical Surgery. By Hamitton Battey, F.R.CS. 
(Eng.), Surgeon, Royal Northern Hospital, London; Surgeon and Urol- 
ogist, Essex County Council; Surgeon, Italian Hospital. Pp. 336; 
455 figures, many in color. Eighth Edition, revised. Baltimore: 
Williams & Wilkins Company, 1942. Price, $7.00. 
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E. G. D. Murray. 


PREVENTIVE MEDICINE AND EPIDEMIOLOGY. 


UNDER THE CHARGE OF 
JOHN E. GORDON, M.D. 


PROFESSOR OF PREVENTIVE MEDICINE AND EPIDEMIOLOGY, HARVARD MEDICAL SCHOOL, 
BOSTON, MASS. 


IMMUNITY TO POLIOMYELITIS. 


HETEROLOGOUS STRAINS AND DISCREPANT NEUTRALIZATION 
TESTS. 


EARLY in the study of poliomyelitis, the rarity of second attacks was 
attributed to immunity resulting from exposure to the virus. When 
the disease was transmitted experimentally, verification was prompt in 
the finding that recovered animals were refractory to reinoculation and 
in the discovery of neutralizing antibodies in the blood serum of pre- 
viously infected persons and animals. Other general epidemiologic 
features placed poliomyelitis in the group of widespread immunizing 
infections of childhood, and thus implied subclinical infections with the 
viras in addition to recognized cases. 

The basic evidence for subclinical infection lies in observations which 
indicate an unbroken gradation from frank paralytic cases, through 
milder and non-paralytic forms—frequently missed—to suspected 
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abortive infections not amenable to certain diagnosis; as well as in tim: 
and space relationships between recognized cases, implying intervening 
milder infections or healthy carriers; and in the occurrence of extensiv: 
immunity in the general population, as shown by virus neutralization 
tests. And at the present time, the concept of widespread dissemination 
of the virus is being substantiated by new procedures for its actual 
detection, not only in recognizable cases but in suspected illnesses and 
healthy individuals as well. 

The validity of any epidemiologic inference in regard to the manner 
and extent of virus dissemination is largely dependent upon the cor- 
rectness of the idea of subclinical infection. Thus, epidemiologic con- 
siderations restricted to the point of view that the paralytic disease is 
directly and completely expressive of the distribution of the virus would 
lead to inferences very different from those derived from studies includ- 
ing subclinical infections. 

Because much of the evidence has been indirect, the epidemiologic 
concept of widespread subclinical immunization originating in older 
observations has been subjected to many checks and challenges. Dur- 
ing the earlier years of investigation, because of technical difficulties, 
few laboratories maintained strains of virus or carried out detailed 
immunity studies. Thus, no very exact knowledge existed as to the 
momentary immunity status of individuals or communities. Neverthe- 
less, laboratory experience and such end-point findings as the fact that, 
in general, individuals who had passed through an attack of the disease 
possessed neutralizing substance and that the blood serum of a high 
percentage of adults in various parts of the world had neutralizing power 
gave an indication of general trends in immunity, both as a result of 
recognized disease and as an indication of subclinical infection. 

Up to this point, there had been no particular suggestion of immuno- 
logically distinct strains of virus. In the conduct of immunity tests, 
the only reading exacted had been whether or not a given serum neu- 
tralized ‘the virus” (usually an old laboratory strain). For example, 
in 1932, comparative tests on serum and virus obtained in widely 
separated localities—recent convalescent serum from Rabaul, New 
Britain, and pooled convalescent serum from Massachusetts, against 
strains of virus obtained in Australia and Vermont—revealed no 
immunologic differences (Table 1).* 


TABLE 1.--NEUTRALIZATION OF POLIOMYELITIS ViRUS SERUM AND ViRuUs FRoM 
WIDELY SEPARATED SOURCES. 
Recent human Pooled human Pooled human 


convalescent, convalescent, convalescent, Normal 
Rabaul 1. Rabaul 2. Mass. monkey. 


Date inoculated . 11-18-32 11-18-32 11-18-32 11-18-32 


American virus Not paralyzed Paralysis Not paralyzed Paralyzed 
Aycock-Vermont Neutralized 11-28-32 Neutralized 11-25-32 


Australian virus Not paralyzed _ Paralysis Not paralyzed Paralyzed 
Victoria NSW Neutralized 11-28-32 Neutralized 11-27-32 


* These studies were supported by the Harvard Infantile Paralysis Commission 
and by a grant from the Commonwealth Fund. 
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In a number of studies relating to individual cases or outbreaks, 
it has been found that patients in the earliest days of the disease may 
already neutralize virus, while others fail to do so after convalescence. 
Comparative neutralization tests were carried out by Paul and Trask” 
on convalescent sera from paralytic cases, using a recently isolated 
human strain and a passage strain of virus. Five of the 6 sera taken 

} to 10 weeks after onset neutralized the human strain; 1 failed and 
still failed to do so a year later. With the passage strain, 13 to 10 
weeks after onset, only 1 serum of the 6 tested neutralized; this 1 serum 
again neutralized a year later. Two of the sera which had failed to 
neutralize again failed a year later. 

Jungeblut'’ obtained neutralization in only 15 of 26 (57.6%) of 
convalescent sera tested against a passage strain of virus. Harmon 
and his co-workers tested sera from 14 patients, and found that 
12 already contained neutralizing substance early after the onset of 
the disease. 

Brodie, Fischer and Stillerman® carried out neutralization tests on 
sera obtained during an outbreak in New York in 1935. Fourteen of 
82 sera (17%) taken in the first week of the disease already neutralized 
a passage strain of virus. Of the 68 patients who failed to neutralize 
during the acute stage, 39 were retested some months later and 37 still 
failed. When tests were performed with a strain isolated during the 
outbreak, similar results were obtained. In general, patients who 
failed to neutralize the passage strain likewise failed to neutralize the 
human strain. 

Hammon and Izumi,” using the Lansing strain and mouse neutraliza- 
tion, tested acute and convalescent sera from 23 patients with polio- 
myelitis from 3 separate outbreaks in California and Washington. 
The early blood of 11 showed no protection, and 9 of these developed 
antibodies in 16 to 29 days after onset; 2 did not change. Another 
group of 11 individuals, composed principally of non-paralytic cases, 
showed strong protection at the time of both bleedings. 

Burnet and Jackson® tested the antibody content of sera from 14 
poliomyelitis patients in the Victorian epidemic of 1937 against the 
“M. V.” Rockefeller Institute strain, and found that 5 neutralized at the 
time of acute illness. Of the remaining 9 patients, 8 still failed to 
neutralize when convalescent. Similar results were obtained when 
neutralization tests were performed on a smaller number of sera against 
a local virus. These investigators therefore concluded that “‘polio- 
myelitis antibody is not a result of exposure to or infection by the 
virus of epidemic poliomyelitis.” 

Such discrepant findings, even after making allowance for dis- 
cordant results in about 1 test in 6, inherent in the technique of the 
neutralization test as ordinarily performed, have been enough to 
bring into question the specificity of neutralization found in individuals 
not known to have passed through an attack of the disease, and indeed 
lave raised the question as to whether even the frank disease is to be 
regarded as an immunizing infection. But in more recent years, a 
number of laboratories taking up the study of poliomyelitis and empha- 
sizing virus detection have added numerous strains to the few formerly 
eniployed in experimentation, and comparative studies have revealed 
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the existence of immunologic differences in strains of virus which had 
not been previously suspected. 

Burnet and Macnamara’ found immunologic differences between a 
virus recently isolated from a fatal human case in Melbourne, Australia, 
and the Rockefeller Institute M. V. strain. In 3 instances, monkeys 
contracted a fatal attack of poliomyelitis following intracerebral inocu- 
lation of the M. V. strain, despite the fact that some weeks previously 
they had sustained a typical attack of the disease produced by the 
human strain. The reverse was also demonstrated in a single instance, 
in which a recovered monkey, partially paralyzed by the M. V. strain, 
was subsequently brought down with complete paralysis by inoculation 
with the local virus. Furthermore, it was found in neutralization tests 
that, although pooled convalescent serum would neutralize both strains, 
a few tests with individual samples of recent convalescent sera failed 
to show this parallelism, in that only the local virus was neutralized. 

Paul and Trask” found that the experimental disease in the monkey 
induced by 2 human strains failed to immunize against a subsequent 
reinfection by the M passage strain; and the reverse also was observed. 

What with a strong preference for the parasite as a major factor in 
the genesis of epidemics—“epidemic strains,’ “importation of new 
strains,” “increase in virulence by rapid passage,’ “termination of 
epidemics by exhaustion of susceptibles’—there had been a natural 
hesitancy to assume that more than one etiologic agent (immuno- 
logically different strains) might be involved in the same epidemic. 
Under the broader concept that environmental factors or host factors 
may be equally important determinants in epidemics in certain dis- 
eases, it may be seen that a number of strains of virus may be involved 
in the same outbreak, and this would perhaps be especially true in 
diseases whose viruses are more or less in continuous circulation through 
latent or subclinical infections. Thus, an epidemic precipitated pri- 
marily by environmental or host factors, on a background of sub- 
clinical dissemination of the virus, might contain cases due to a number 
of strains of virus which were in dissemination in the population at 
the time. 

Following the discovery by Smith, Andrewes and Laidlaw?’ of what is 
now termed influenza A virus, numerous workers have agreed that this 
agent was responsible for many cases of epidemic influenza. Francis’ 
found an epidemic of the disease which could not be shown to have 
been caused by this virus. Subsequently, Stuart-Harris, Smith and 
Andrewes,*° as well as Rickard, Lennette and Horsfall,“ demonstrated 
that only a certain proportion of cases studied in localized epidemics 
were due to this agent. Their report made it evident that epidemic 
influenza was not due to a single etiologic entity, and indicated 
that at least two distinct causal agents were capable of producing the 
disease. 

Lennette, Rickard, Hirst and Horsfall?! have shown that in one 
epidemic of influenza, even in a single institution, one or more of at 
least three distinct strains of influenza virus may be involved. 

Howitt" first called attention to antibodies to both Western equine 
and St. Louis encephalitis viruses in the blood of certain patients in 
California. More recently, Hammon’ and Hammon and Howitt" 
pointed out that human infections apparently due to both viruses were 
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occurring during the same epidemic, and possibly even simultaneously 
in the same individual. 

In poliomyelitis, it has been a common observation in epidemic 
years that a number of cases occur in sizable population groups in 
individuals just arrived from distant epidemic areas, and who must 
have acquired their infection in the distant areas, as judged by time 
and place relationships. In recent years, clear-cut introductions of 
virus into Boston in this manner have been seen from epidemics in 
Illinois, 1936; Toronto, Ontario, 1937; Charleston, S. C., 1939; and 
Frederickton, N. B., 1941. 

Kessel and Stimpert!* inoculated monkeys recovered from paralytic 
attacks of poliomyelitis induced by 6 strains of virus, with homologous 
and heterologous strains. A greater degree of immunity was observed 
to homologous than to heterologous strains. Several of the strains 
were recently isolated from cases in Los Angeles. Differences in recipro- 
cal immunity were just as great between these recently isolated strains 
as between old laboratory and recently isolated strains. 

Thus, it may now be seen that, because of the difficulty of establishing 
the epidemiologic identity of a given group of cases, or a given strain of 
virus, the divergent results in neutralization tests which have cast 
doubt on the whole phenomenon of immunity in poliomyelitis could 
be due to immunity tests with strains not identical with those responsi- 
ble for the cases being tested. 

TaBLE 2.—NorMaL ApULT SERUM—NEUTRALIZATION OF DIFFERENT 


STRAINS OF VIRUS. 


Number 
Virus. of sera. 


PMV 10 
(pooled) 
20 


%. 
neutralized. 


100.0 


Normal serum. 
Chicago—adults and convalescents'™ 
Liberia—adults'” - Eat cake 
Urban—adults and children, 

Mass. 

Rural—adults and children, Cape Cod, 
Mass. 4 Vermont t 
Southern—adults, Atlanta, Ga.” . 
Mothers and newborn, Massachusetts* . 


ews } ee 90.0 
Boston, 
Aycock 46 69.6 
Aycock 29 
Aycock 21 
Aycock 24 


20.7 
85.7 
83.3 
1 partial 


Puerto Rico—adults?2® 100.0 


Chicago, rural Illinois; Winnipeg ‘and 
Virgin Islands—adults?? 
Samoa—adults and children! 


Not stated 8 


Aycock 10 
Aycock 27 


90.0 
96.3 
3 partial 
100.0 
1 partial 
100.0 
1 partial 


Fiji—adults'¢ Aycock. 25 


Fiji—adults™ Australian 5 


Nashville, Tenn.—adults"* 
China—adults!? 

Greenland—adults!7 . 

New York City—adults!” . 

New York City—adults® . 

San Francisco” . 

Montreal 

Sevenoaks and London, England—conv.. Se 


contacts and normal children® . 
France? 


Bedford and Burlington, Mass.—chil- 


dren!9 : 


Not stated 
Not stated 
Not stated 
Not stated 
Not stated 
Aycock 

Not stated 


Fl. M. 
Vienna, 
1909 


Aycock 


25 
12 

3 
30 

9 
32 
28 


10 
15 


77 


84.0 
91.7 
100.0 
56.7 
66.6 
56.2 
78 .6 


80.0 
86.7 


55.8 
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No large-scale comparative neutralization tests with normal adult 
serum against different strains of virus have been reported. But the 
fact that adult serum neutralizes the virus with the same high frequency 
in tests which have been performed over a period of years in many 
parts of the world, and with a number of strains of virus obtained in 
the same or in different areas can probably best be interpreted as an 
indication that immologically different strains are all in equally free 
circulation, and that the end-point of immunity represented by normal 
adult serum neutralization is indicative of a very general exposure to 
the several immunologically different strains. The uniformity with which 
normal adult serum neutralizes various strains of virus is indicated in 
the tabulation of the results of a number of studies in the literature 
(Table 2). 

An ideal situation for studying the development of immunity more 
immediately following infection would be afforded by an outbreak 
beginning after the importation of a single case into an isolated and 
previously uninfected locality. But such an opportunity is seldom 
presented to the epidemiologist. Under actual conditions, it is prac- 
tically impossible to determine whether a given case is the first occur- 
rence of the disease, or to group those cases which are etiologically 
related. Multiple cases in families present, perhaps, the nearest ap- 
proach to a grouping of epidemiologically related cases, since they 
comprise self-contained groups from which many of the variables which 
might enter into other groups of cases can be excluded. When two or 
more cases of poliomyelitis occur in the same family simultaneously, 
many epidemiologic factors can be assumed to be the same. It is 
most likely, for example, that they are the result of exposure to a single 
strain of virus. 

Chapin’s classic studies of familial aggregation in measles, diphtheria 
and scarlet fever vastly elucidated the basic laws governing the dis- 
semination of these infectious agents and the development of immunity 
following exposure to them. These viruses, under the conditions of 
exposure in a family, when introduced, tend to spread through the 
household—high secondary attack rate in susceptibles in measles and 
high harborage of B. diphtheriz with or without symptoms—revealing 
spread through families with clinical or subclinical infection in the 
non-immunes. 

Studies of certain features of the distribution of multiple cases in 
families of poliomyelitis, scarlet fever and measles? are indicative of 
equally extensive spread of all these infections among the members 
of the family and suggest that the frequency of a clinical manifestation 
is determined more by other factors than by exposure to the virus 
per se. In measles, it is clear that the determinant is immunity from 
previous infection, for the occurrence of the disease is restricted to 
those whose histories indicate no previous infection, and in these non- 
immune members of the family the attack rate is high. It seems clear 
likewise that, since the average immunity level as indicated by neu- 
tralization tests in poliomyelitis corresponds to that of measles, other 
factors are major determinants of the clinical disease upon exposure in 
non-immune family members. 

That family saturation, upon introduction of poliomyelitis virus, 
assumes proportions of the order of measles has recently been verified 
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ly Langmuir®® in the detection of the virus not only in paralytic, non- 
paralytic and suspected abortive cases, but in well members of families 
as well. Thus, it becomes clear that the termination of a family out- 
break can be ascribed to “exhaustion of susceptibles.”’ 

That exhaustion of susceptibles does not play the same réle in termi- 
nating outbreaks in the community is suggested by the fact that it can 
he figured from the intervals between outbreaks of measles in the same 
population group, and the age at which the disease occurs, that the 
uverage person with measles has escaped infection in at least one pre- 
vious outbreak of the disease in the community where he has lived. 
However, the diminution of the proportion of susceptibles in a popula- 
tion to a point below the threshold necessary for continued transmission 
to susceptibles must still be recognized as a factor in the termination 
of epidemics. It would be expected, because of the many more inter- 
ruptions in lines of contact transmission in community outbreaks than 
in self-contained groups of individuals like families, that a considerably 
less extensive reduction in susceptibles would be equally effective in 
terminating community outbreaks. 

Aggregations of individuals in which the conditions of dissemination 
more nearly approach those of a family are seen in such institutions as 
boarding schools. 
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Cuart 1.—Institutional outbreak of measles 1934. Four waves of secondary cases, 
8 cases with complications. Showing practical exhaustion of susceptibles. 


An outbreak of measles occurred in such a school in New England 
with a student population of 400 boys 13 to 18 years of age. In this 
particular year (1934), the school reopened after the Christmas vaca- 
tion on January 11, and 4 days later measles developed in one of the 
boys who returned. Nine days later, a second case occurred. Within 
8 weeks of the first case, 108 (91.3%) of the 118 susceptibles had con- 
tracted measles; and of these, 6 developed otitis media, 1 pneumonia, 
and 1 pansinusitis. As shown in Chart 1, the outbreak comprised four 
waves of cases at intervals consistent with the incubation period of 
measles. The attack rate in susceptibles increased with each succeeding 
wave in the face of decreasing numbers of susceptibles until the fourth 
wave, when the susceptibles had decreased to a relatively small number, 
and the attack rate again declined. Finally, when there were 13 cases 
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as sources of infection, but only 9 remaining susceptibles scattered in 
the population of 440 boys, no further case occurred. 

In a smaller boarding school, with a student population of 190 boys 
of the same ages, 62 (32.6%) were susceptible according to their his- 
tories. On February 4, 1935, a case of measles occurred in the school. 
Within 4 weeks, 54 of the 62 susceptible individuals had contracted 
the infection, and complications had ensued in 3 of them. In this 
smaller school, the outbreak—practical exhaustion of susceptibles— 
took place in two discernible waves of cases at intervals corresponding 
to the incubation period of the disease (Chart 2). 
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Cuart 2.—Institutional outbreak of measles 1935. Two waves of secondary cases, 
3 cases with complications. Showing practical exhaustion of susceptibles. 


From the equally high attack rate in susceptibles in these school 
outbreaks, it is seen that the extent of virus dissemination is of the 
same order as in family outbreaks, but the rate of saturation is some- 
what slower. In families, the vast majority of cases subsequent to the 
primary occurrence are either co-primary or secondary, with relatively 
few cases which are tertiary. In other words, family saturation is 
prompt, accomplished for the most part by a single, practically simul- 
taneous transfer of the virus from the primary case to the remaining 
members of the family and requiring less than 3 weeks for completion. 
In the outbreak in the larger school, equally extensive saturation re- 
quired four transfers and extended over 8 weeks; while in the smaller 
school, there were only two secondary waves in 4 weeks. Thus, in 
respect to rate of dissemination, the smaller school appears to lie mid- 
way between the larger school and single families. 

The sequential development of the cases in these school outbreaks 
in groups, in accordance with the incubation period with reference to 
the initial case, is evidence that this primary occurrence represents the 
only introduction of the virus into the school population, and that 
therefore all the cases were etiologically identical. 
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Institutional outbreaks of measles, such as those just described, 
are commonplace occurrences, but institutional outbreaks of polio- 
myelitis are regarded as ararity. Many of the older texts have pointed 
out that “the disease does not spread in institutions.” Two reasons 
for this impression are apparent. In the first place, many of the institu- 
tions furnishing outbreaks of infectious diseases of childhood, such as 
schools, are closed during the summer months, the season of prevalence 
of poliomyelitis. In the second place, the number of cases of recog- 
nizable poliomyelitis which would even be expected to occur in an 
institution under a like impact of infection as in measles, by analogy 
with the incidence of the frank disease in those infected in the general 
population, would be small. Thus, groups of cases occurring in institu- 
tions have not been classed as outbreaks. In aggregations of young 
people during the poliomyelitis season, such as summer camps, the 
occurrence of small groups—2, 3, or 4 cases of clinical poliomyelitis—is 
not a rarity, and the same is true of schools opening before the end of 
the poliomyelitis season. Thus, when the preponderance of subclinical 
infections over clinical cases is borne in mind, it can be seen that these 
smaller groups of cases of poliomyelitis might well represent epidemio- 
logic phenomena of the same significance as institutional outbreaks of 
measles. For example, if, to illustrate the point, it can be imagined 
that ordinary measles is subclinical and only the mastoids following 
measles could be considered clinical disease, then the outbreak of measles 
in the larger school referred to in this paper might well be analogous to 
institutional outbreaks of poliomyelitis comprising small groups of 
cases of clinical disease. 

In May 1936, there occurred in the smaller of these two schools an 
outbreak of poliomyelitis. Within a period of 17 days, 6 paralytic 
cases developed. In addition, 12 non-paralytic cases were detected— 
cases with meningeal involvement and spinal fluid changes but no 
paralysis. The further extent of the distribution of the virus in the 
school population is not known. Unlike the two school outbreaks of 
measles, the poliomyelitis outbreak cannot be attributed to a recognized 
single earlier case. Actually, 5 paralytic cases. and 5 non-paralytic 
cases occurred within a space of time short enough to suggest that 
they were common source infections from a single previous but un- 
recognized case in the school. No common exposure outside the school 
could be established for this group of cases. At any rate, the suggestion 
here, as in the two school outbreaks of measles, is to the effect that in 
all probability the poliomyelitis outbreak was the result of a single 
introduction of the virus into the school and that the cases in the out- 
break were etiologically identical. 

In Chart 3 are shown the distribution in point of time of the para- 
lytic cases and the non-paralytic cases which came to diagnosis; in 
dotted lines, the presumed initial subclinical infection; and two pre- 
sumed waves of subclinical infection at incubation period intervals. 
Although such subclinical infection was not actually established, as by 
virus detection or immunity tests done later, the probable dissemination 
of the virus in the school has been reconstructed on the basis of evidence 
indicating widespread subclinical infection in the long run in the popula- 
tion in general and within a household upon introduction of the virus 
and by analogy with the more apparent widespread dissemination of 
measles within households and schools. 
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Under this sort of reconstruction the distribution of recognized 
poliomyelitis, more particularly paralytic cases, gives the appearance of 
being the epidemiologic analogue of the complications seen in the 
measles outbreak in the school, a view not inconsistent with available 
knowledge in general that the virus is widespread and that the paralytic 
disease is the exceptional ‘“‘complication”’ of virus infection. That the 
dissemination of the virus through the members of the school was 
fairly prompt and, therefore, presumably extensive is suggested by 
the fact that promptly upon the occurrence of the first cases about 
half the members of the school left for their homes, but following the 
exodus from the school the subsequent attack rates were the same in 
those who had left the school for their scattered homes as in those 
who remained at the school. 
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Cuart 3.—Institutional outbreak of poliomyelitis 1936. Six paralytic and 12 non- 
paralytic cases with estimated waves of secondary subclinical infections and exhaus- 
tion of susceptibles. 


As indicated on Chart 3 in dotted lines, the reconstructed outbreak 
of dissemination of the virus begins with a presumed subclinical infec- 
tion occurring around May 7. As is generally true of outbreaks of 
poliomyelitis, no clear-cut introduction of the virus into the school 
was traced, but the following circumstances at least might be con- 
sidered as possibilities in this connection. 

In the first place, the incidence of poliomyelitis in Massachusetts in 
the month preceding the outbreak in the boarding school—the season 
of lowest ebb of the disease in this state—was relatively high as com- 
pared with the corresponding 4-week periods in other years (Table 3). 


TABLE 3.—POLIOMYELITIS IN MASSACHUSETTS 


4 weeks No. of 4 weeks 
ending. cases. ending. 
5-16-31 a aa 5-22-37 
5-21-32 1 5-21-38 
5-20-33 5-20-39 
5-19-34 . ; 5-18-40 
5-18-35 . ; 5-17-41 
5-16-36 : 5-16-42 
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Kleven eases were reported from widely scattered areas in the state 
in the month preceding the school outbreak and during the period of 
the outbreak. It was established that there was no direct contact 
between any of these outside cases and the cases in the school, but a. 
number of instances of possible indirect contact between widely sepa- 
rated cases and the school were found. 

A deliveryman making regular calls in Attleboro and Wellesley, 
where cases were reported April 14 and 28, as well as in other towns, 
also made deliveries to the school. 

On April 15, O. K., a 16-year old boy, left home without parental 
consent, hitch-hiked to a neighboring state and returned to his home 
by way of Boston during the week preceding the onset of his disease 
April 27, and spent whole days at the movies, in stores and restaurants 
in his home city—a few miles from the school. He spent the evening 
of April 28 (with beginning symptoms) with a close friend, B. D., who 
played in an orchestra at an amusement park a few miles from the 
school. 

On May 1, Mr. LaB., who owned a drugstore in the village, where 
the school was located and where the students gathered, visited the 
amusement park where B. D. was playing in the orchestra. Such 
circuitous lines of contact between recognized cases of poliomyelitis are 
for the most part all that can be seen in the usual investigation and 
indeed all that are to be expected considering the evident preponderance 
of subclinical over clinical infections. 

No immunity tests were carried out at the time of the school out- 
break, but 12 months later 10 tests on blood serum from 7 of the re- 
covered cases, paralytic and non-paralytic, against an old laboratory 
strain (Aycock strain recovered in 1921), gave a positive neutralization 
in only 3 out of 10 tests. At this point, it might have been concluded 
with Burnet and Jackson that “poliomyelitis antibody is not a result 
of exposure to or infection by the virus of epidemic poliomyelitis.” 
But from the one fatal case in the school outbreak a strain of virus 
had been obtained and at the time neutralization tests were run against 
the old laboratory strain, tests were also carried out against the local 
strain. In all of 10 tests on 7 of the cases who had passed through the 
school outbreak—3 paralytic and 4 non-paralytic—the virus from the 
school outbreak was neutralized (Table 4). 


TABLE 4.—NEUTRALIZATION TESTS. 
Virus. 
H.C. 8. 
(H. virus). 
P. A. NP . 
P. A. NP . 
C. Riess 
R. NP . 
] NP . 
Pp 


P 
cy ee 
a aE, 


+++4++4++4++4+ 5 


Fragments of spinal cord from the one fatal case in the school out- 
break (H strain) readily produced poliomyelitis in normal Rhesus 
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monkeys with serial passage. Furthermore, this strain of virus pro- 
duced a second attack of paralytic poliomyelitis with additional 
paralysis in 3 monkeys recovered with residual paralysis from an 
attack of poliomyelitis induced by inoculation of the Aycock strain. 
Two monkeys convalescent from attacks produced by the H strain and 
3 monkeys recovered from attacks induced by both the Aycock and the 
H strains were available for subsequent neutralization tests against 
the strain obtained in the school outbreak, the Aycock strain, the 
J strain (which had recently been obtained from a patient developing 
the disease in Boston upon arrival from Illinois in 1936), and a strain 
obtained from the late Dr. James D. Trask. 


TABLE 5.—NEUTRALIZATION TEST—CONVALESCENT MonkKEyY SeRuM (Virus H anp 
A Virus) Acarnst H, A, anp Two OTHER VIRUSES. 


Convalescent monkey serum. 


Virus H 1397 


te#+t++++4+4+4+ 2) 


As shown in Table 5, monkeys that had recovered from the H virus 
regularly neutralized this virus and failed to neutralize the Aycock or 
the Trask (T) virus. Monkeys recovered from attacks induced by both 
the Aycock (A) and H strains neutralized both these strains of virus as 
well as the J strain. Four animals, | recovered from an attack from 
the H virus and 3 recovered,from attacks from the H virus and the 
Aycock virus, all failed to neutralize the Trask virus. 

These cross-immunity tests clearly reveal immunologic differences 
between these strains of virus and in turn serve to explain the failure 
of convalescent patients in the school outbreak to neutralize the old 
laboratory Aycock strain of virus. 

In summary, it may be pointed out that discrepant neutralization 
tests in poliomyelitis (which have in the past been interpreted as indi- 
cating that on the one hand immunity, as shown by the neutralization 
test, is not indicative of protection against infection with the virus, 
and on the other hand does not follow infection with the virus) appear 
to be due to the use of heterologous strains of virus. 

Where human convalescent sera from cases occurring in an outbreak 
in which the epidemiologic evidence indicated infection with a single 
strain of virus were tested against that strain, neutralizing antibody 
was regularly found; while in tests against an old laboratory strain, 
only a portion had neutralizing antibody. 

Monkeys convalescent from an attack from each of two strains of 
virus neutralized the homologous virus but not the heterologous strain. 
Monkeys convalescent from separate attacks from the two strains of 
virus neutralized both strains. 
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Normal adult serum from many parts of the world all neutralize a 
number of strains of virus with equally high frequency. 

It is suggested that the momentary immunity status of individuals 
is represented by the presence of neutralizing antibody to strains to 
which the individual has been exposed previously; and the end-point 
of immunity (adult) by the presence of neutralizing antibody to a 
number of strains. 

It, therefore, would appear that the several strains of virus are all 
in equally free circulation and attain an equally widespread dissemina- 
tion; furthermore, there are indications that a given outbreak may not 
be caused primarily by the introduction of a single strain (from a single 
case) but may be precipitated by other factors on a background of 
subclinical carriage of a number of strains. 


W. Lioyp Aycock, M.D. 
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